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ANTI-CD33 ANTIBODIES AND METHOD FOR TREATMENT OF ACUTE 
MYELOID LEUKEMIA USING THE SAME 

[01 J This application claims benefit of Provisional Application No. 60/424,332 

filed November 7, 2002, the disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[02] The present invention relates to antibodies that bind CD33. More particularly, 

the invention relates to anti-CD33 antibodies, fragments and homologues of said 
antibodies, humanized and resurfaced versions of said antibodies, functional 
equivalents and improved versions of said antibodies, immunoconjugates and 
compositions comprising said antibodies, and the uses of same in diagnostic, research 
and therapeutic applications. 

[03] In another aspect, the invention relates to a polynucleotide encoding the 

antibodies, vectors comprising the polynucleotides, host cells transformed with 
polynucleotides and methods of producing the antibodies. 

BACKGROUND OF THE INVENTION 

[04] The leukocyte differentiation antigen CD33 is a 364 amino acid 

transmembrane glycoprotein with sequence homology to members of the sialoadhesin 
family, including myelin-associated glycoprotein and CD22, as well as sialoadhesin 
itself (S. Peiper, 2002, Leucocyte Typing VII, White Cell Differentiation, Antigens, 
Proceedings of the Seventh International Workshop and Conference, Oxford 
University Press, p. 777). 

[05] Expression of CD33 appears to be highly specific to the hematopoietic 

compartment, with strong expression by myeloid precursor cells (S. Peiper, 2002). It 
is expressed by myeloid progenitor cells such as CFU-GEMM, CFU-GM, CFU-G and 
BFU-E, monocytes/macrophages, granulocyte precursors such as promyelocytes and 
myelocytes although with decreased expression upon maturation and differentiation, 
and mature granulocytes though with a low level of expression (S. Peiper, 2002). 

[06] In contrast, pluripotent hematopoietic stem cells that give rise to "blast 

colonies" in vitro (Leary, A.G. et al., 1987, Blood 69:953) and that induce 

hematopoietic long-term marrow cultures (Andrews R.G. et al., 1989, J. Exp. Med. 
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169:1721; Sutherland, H.J. et a., 1989, Blood 74: 1563) appear to lack expression of 
CD33. 

[07] While the specific function of CD33 is unknown, its homology to sialoadhesin 

suggested a role in carbohydrate binding characteristic of the lectin family, a role later 
confirmed (S. Peiper, 2002). 

[08] Importantly, anti-CD33 monoclonal antibodies have shown that CD33 is 

expressed by clonogenic, acute myelogenous leukemia (AML) cells in greater than 
80% of human cases (LaRussa, V.F. et al., 1992, Exp. Hematol 20:442-448). 

[09] Due to the selective expression of CD33, immunoconjugates that combine 

cytotoxic drugs with monoclonal antibodies that specifically recognize and bind 
CD33 have been proposed for use in selective targeting of AML cells. Such therapies 
are expected to leave stem cells and primitive hematopoietic progenitors unaffected. 
Immunoconjugates that utilize anti-CD33 antibodies include anti-CD33-ricin 
immunoconjugates that have been shown to be highly lethal to AML cells (Roy, D.C. 
et al., 1991, Blood 77:2404; Lambert, J.M. et ah, 1991, Biochemistry 30:3234), yet 
spare the stem cells that support normal hematopoiesis and hematopoietic 
reconstitution (LaRussa, V.F. et al., 1992, Exp. Hematol. 20:442-448). 

[10] Additional studies using immunoconjugates have shown rapid targeting of 

radiolabeled anti-CD33 antibodies to leukemic blast cells in peripheral blood and 
marrow when administered i.v. (Scheinberg, D.A. et al., 1991, J. Clin. Oncol. 9: 478- 
490; Schwartz, M.A. et al., 1993, J. Clin. Oncol. 1 1:294-303). Rapid internalization 
of the antibody by the target cell was also observed in in vitro studies (Tanimot, M. et 
al., 1989, Leukemia 3: 339-348; Divgi, C.R. et al., 1989, Cancer Res. Suppl. Vol. 30: 
404a). Evaluation of a humanized anti-CD33 antibody conjugated to the potent 
antitumor antibiotic calicheamicin (Gemtuzumab ozogamicin) in pre-clinical studies 
demonstrated specific killing of leukemia cells in HL-60 cell cultures, HL-60 tumor 
xenografts in mice, and marrow samples from AML patients (Hamann, P.R. et al., 
2002, Bioconjugate Chem. 13: 47-58). 

[11] Based on the positive results of these pre-clinical studies, Gemtuzumab 

ozogamicin was evaluated in phase I and II clinical studies. In Phase I studies, the 
major toxicity observed was myelosuppression due to the expression of CD33 on 
myeloid progenitor cells (Sievers, E.L. et al. 1999, Blood 93: 3678-3684; Sievers E.L. 
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et al., 2001, J. Clin. Oncol. 19: 3244-3254.). Phase II studies with a dose of 9 mg/m 2 
i.v. over 4 hours, repeated after 14 days, yielded a response rate of 30%. Marketing 
approval of Gemtuzumab ozogamicin was granted by the FDA in May 2000 with 
indication for the treatment of patients with CD33 positive AML in first relapse who 
are 60 years of age or older and who are not considered candidates for cytotoxic 
chemotherapy. Post-marketing reports have indicated the potential for significant 
toxicity, especially venoocclusive disease (VOD), which has led to labeling revisions 
and initiation of a patient surveillance program. Much of this toxicity may be related 
to the drug component calicheamicin, which was shown to cause hepatotoxicity in 
pre-clinical models, and therefore may not be a direct result of targeting CD33. 
[12] While the results discussed above suggest that immunoconjugates comprising 

an anti-CD33 antibody and a cytotoxic drug may be successfully used in the treatment 
of AML, there is a need for immunoconjugates that are both safe and effective. The 
present invention is directed to these and other important ends. 

SUMMARY OF THE INVENTION 


[13] Accordingly, it is an object of the present invention to provide antibodies that 

specifically bind to CD33, and that may be used in the treatment of AML. 

[14] Thus, in a first embodiment, there is provided an antibody, or epitope-binding 

fragment thereof, having the ability to bind CD33. 

[15] In a second embodiment, there is provided the murine antibody My9-6, which 


is fully characterized herein with respect to the amino acid sequences of both its light 
and heavy chain variable regions, the cDNA sequences of the genes for the light and 
heavy chain variable regions, the identification of its CDRs (complementarity- 
determining regions), the identification of its surface amino acids, and means for its 
expression in recombinant form. 
[16] In a third embodiment, there are provided humanized or resurfaced versions of 

the My9-6 antibody wherein surface-exposed residues of the My9-6 antibody or 
epitope-binding fragments thereof are replaced in both light and heavy chains to more 
closely resemble known human antibody surfaces. Such humanized antibodies may 
have increased utility, compared to murine My9-6, as therapeutic or diagnostic agents. 
Humanized versions of antibody My9-6 are also fully characterized herein with 
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respect to their respective amino acid sequences of both light and heavy chain 
variable regions, the DNA sequences of the genes for the light and heavy chain 
variable regions, the identification of the CDRs, the identification of their surface 
amino acids, and disclosure of a means for their expression in recombinant form. 
[17] In a further embodiment, there are provided antibodies or epitope-binding 

fragments thereof comprising at least one complementarity-determining region having 
an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-6: 

SYYIH (SEQ ID NO: 1), 

VIYPGNDDISYNQKFXG (SEQ ID NO:2), wherein X is K or Q, 

EVRLRYFDV (SEQ ID NO:3), 

KSSQSVFFSSSQKNYLA (SEQ ID NO:4), 

WASTRES (SEQ ID NO:5), 

HQYLSSRT (SEQ ID NO:6), 

and having the ability to bind CD33. 
[18] In a further embodiment, there are provided antibodies or epitope-binding 

fragments thereof comprising at least one heavy chain variable region and at least one 
light chain variable region, wherein said heavy chain variable region comprises three 
complementarity-determining regions having amino acid sequences represented by 
SEQ ID NOs:l-3, respectively, 

SYYIH (SEQ ID NO: 1), 

VIYPGNDDISYNQKFXG (SEQ ID NO:2), wherein X is K or Q, 

EVRLRYFDV (SEQ ID NO:3), 

and wherein said light chain variable region comprises three complementarity- 
determining regions having amino acid sequences represented by SEQ ID NOs:4-6, 
respectively, 

KSSQSVFFSSSQKNYLA (SEQ ID NO:4), 

WASTRES (SEQ ID NO:5), 

HQYLSSRT (SEQ ID NO:6). 

[19] In a further embodiment, there are provided antibodies having a heavy chain 

variable region that has an amino acid sequence that shares at least 90% sequence 
identity with an amino acid sequence represented by SEQ ID NO:7: 
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QVQLQQPGAEVVKPGASVKMSCKASGYTFTSYYIHWIKQTPGQGLEW 
VGVIYPGNDDISYNQKFKGKATLTADKSSTTAYMQLSSLTSEDSAVYY 
CAREVRLRYFDVWGAGTTVTVSS, 

more preferably 95% sequence identity with SEQ ID NO:7, most preferably 100% 

sequence identity with SEQ ID NO: 7. 
[20] Similarly, there are provided antibodies having a light chain variable region 

that has an amino acid sequence that shares at least 90% sequence identity with an 

amino acid sequence represented by SEQ ID NO:8: 

NIMLTQSPSSLAVSAGEKVTMSCKSSQSVFFSSSQKNYLAWYQQIPGQ 
SPKLLIYWASTRESGVPDRFTGSGSGTDFTLTISSVQSEDLAIYYCHQY 
LSSRTFGGGTKLEIKR, 

more preferably 95% sequence identity with SEQ ID NO: 8, most preferably 100% 

sequence identity with SEQ ID NO:8. 
[21] In a further embodiment, antibodies are provided having a humanized or 

resurfaced heavy chain variable region that shares at least 90% sequence identity with 

an amino acid sequence represented by SEQ ID NO:9: 

QVQLQQPGAEVVKPGASVKMSCKASGYTFTSYYIHWIKQTPGQGLEW 
VGVIYPGNDDISYNQKFQGKATLTADKSSTTAYMQLSSLTSEDSAVYY 
CAREVRLRYFDVWGQGTTVTVSS, 

more preferably 95% sequence identity with SEQ ID NO:9, most preferably 100% 

sequence identity with SEQ ID NO:9. 
[22] Similarly, antibodies are provided having a humanized or resurfaced light 

chain variable region that shares at least 90% sequence identity with an amino acid 

sequence corresponding to SEQ ID NO: 10: 

EIVLTQSPGSLAVSPGERVTMSCKSSQSVFFSSSQKNYLAWYQQIPGQS 
PRLLIYWASTRESGVPDRFTGSGSGTDFTLTISSVQPEDLAIYYCHQYLS 
SRTFGQGTKLEIKR, 

more preferably 95% sequence identity with SEQ ID NO: 10, most preferably 100% 

sequence identity with SEQ ID NO: 10. 
[23] In a further embodiment, the present invention provides immunoconjugates 

comprising a drug or prodrug covalently attached, directly or via a cleavable or non- 

cleavable linker, to an antibody or epitope-binding fragment thereof of the present 
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invention. In preferred embodiments, the drug or prodrug is a cytotoxic drug or 
prodrug such as a maytansinoid, a taxoid, CC-1065, a CO 1065 analog, dolastatin and 
a dolastatin analog. 

[24] In a further embodiment, the present invention provides a composition 

comprising an antibody or epitope-binding fragment thereof of the present invention 
and a drug or prodrug. 

[25] In a further embodiment, the present invention comprises pharmaceutical 

compositions comprising an antibody, epitope-binding fragment thereof or 
immunoconjugate of the present invention, either alone or in combination with a drug 
or prodrug or other therapeutic agent, in the presence of one or more pharmaceutically 
acceptable agent. 

[26] In a further embodiment, the present invention provides for an antibody or 

epitope-binding fragment thereof that is labeled for use in research or diagnostic 
applications. In preferred embodiments, the label is a biotin label, an enzyme label, a 
radio-label, a fluorophore, a chromophore, an imaging agent or a metal ion. 

[27] In a further embodiment, the present invention provides methods for inhibiting 

the growth of a cell expressing CD33 through the use of an antibody, epitope-binding 
fragment thereof or immunoconjugate of the present invention, either alone or in 
combination with a drug or prodrug or other therapeutic agent, further alone or in the 
presence of one or more pharmaceutically acceptable agent. 

[28] In an further embodiment, the invention provides methods for the treatment of 

a subject having a disease wherein CD33 is expressed comprising administering an 
antibody, an epitope-binding fragment thereof or immunoconjugate of the present 
invention, either alone or in combination with another a drug or prodrug or another 
therapeutic agent, further alone or in the presence of one or more pharmaceutically 
acceptable agent. The disease may be one or more of, for example, myelodysplastic 
syndrome (MDS), acute myeloid leukemia (AML), chronic myeloid leukemia (CML) 
and pro-myelocytic leukemia (PML), or other disease yet to be determined in which 
CD33 is expressed. 

[29] The methods of treatment include in vivo, ex vivo and in vitro application of 

the antibodies, antibody fragments and immunoconjugates of the present invention, 
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either alone or in combination with a drug or prodrug or other therapeutic agent, 
further alone or in the presence of one or more pharmaceutically acceptable agent. 
[30] In a further embodiment, a method of determining whether a biological sample 

contains a myelogenous cancer cell is provided wherein a biological sample is 
contacted with a diagnostic reagent, such as a labeled antibody or epitope-binding 
fragment thereof of the present invention, and the distribution of the reagent within 
the sample is detected. This method may be used to diagnose a cancer such as acute 
myeloid leukemia (AML), chronic myeloid leukemia (CML) and pro-myelocytic 
leukemia (PML). 

[31] In a further embodiment, antibodies or epitope-binding fragments thereof of 

the present invention are provided that have improved properties. For example, 
antibodies or epitope-binding fragments thereof having improved affinity for CD33 
may be prepared by the standard techniques of animal immunization, hybridoma 
formation and selection for antibodies with specific characteristics. 

[32] Improved antibodies may also be prepared by affinity maturation of an 

antibody or epitope-binding fragment thereof of the present invention through, for 
example, oligonucleotide-mediated site-directed mutagenesis, cassette mutagenesis, 
error-prone PCR, DNA shuffling and use of mutator-strains of E. coli, 

[33] In a further embodiment, the present invention provides polynucleotides 

encoding the antibodies or epitope-binding fragments thereof of the present invention, 
recombinant vectors comprising the polynucleotides, host cells transformed with the 
recombinant vectors and methods for producing said antibodies and epitope-binding 
fragments thereof by culturing said host cells. 

[34] In a final embodiment, the present invention provides a method for obtaining 

CD33 from a biological material using an antibody or epitope-binding fragment 
thereof of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[35] Figure 1 shows the results of a competition binding experiment in which 

binding of I25 I-labeled My9-6 antibody (3 x 10" 9 M) to CD33-positive U-937 cells 
was assayed in the presence of increasing concentrations of either My9 or My9-6 
antibody. 
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[36] Figure 2 shows the My9-6 degenerate primers for the light chain signal 

sequence. 

[37] Figure 3 shows the file names of the 127 antibody structures from the 

Brookhaven database that were used to predict the surface of the muMy9-6 variable 
region. 

[38] Figure 4 shows the PCR primers used to build the 16 resurfaced My9-6 

versions as well as chimeric My9-6 antibody. 
[39] Figure 5 shows the plasmids used to build and express the humanized 

antibodies. (A): the light chain cloning plasmid. (B): the heavy chain cloning 

plasmid. (C): the mammalian antibody expression plasmid. 
[40] Figure 6A shows the Edman sequencing results compared with amino acid 

sequence derived from the RT-PCR generated cDNA clones for muMy9-6 light chain. 
[41] Figure 6B shows the results from the MS-MS sequence analysis of the 1319 

Da and 1 122 Da peptide fragments containing CDR1 and CDR2 sequences 

respectively. CDR sequences are in bold. 
[42] Figure 7 shows the results from the MS-MS sequence analysis of the 1 788 Da 

peptide and the corresponding sequence derived from two cDNA clones. 
[43] Figure 8A shows the cDNA sequence and the deduced amino acid sequence of 

the light chain variable region for the murine My9-6 antibody. The three CDRs are 

underlined. 

[44] Figure 8B shows the cDNA sequence and the deduced amino acid sequence of 

the heavy chain variable region for the murine My9-6 antibody. The three CDRs are 
underlined. 

[45] Figure 9 shows the light and heavy chain CDRs as determined by the Kabat 

definitions. 

[46] Figure 10 shows the light chain and heavy chain amino acid sequence for the 

murine My9-6 antibody aligned with the germLine sequences for the 8-27 and VI 02 
genes. Dots (.) indicate sequence identity. 

[47] Figures 1 1 A & B show the ten light chain (A) and heavy chain (B) antibody 

sequences most homologous to the muMy9-6 sequences that have solved files in the 
Brookhaven database. Sequences are aligned in order of most to least homology. 
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[48] Figures 12A & B show the average accessibility for each Kabat position of the 

muMy9-6 antibody light (A) and heavy (B) chains. The relative solvent 
accessibilities for each Kabat position of the ten most homologous light and heavy 
chain sequences were averaged and are presented along the x axis. 

[49] Figure 13A shows the residue solvent accessibilities for the ten most 

homologous light chain structures, calculated with the MC software, and shows the 
averages for each Kabat position, tabulated with Excel. This table presents the data 
for non-CDR positions with average solvent accessibilities greater than 25%. A 
surface residue is defined as a residue with greater than a 30% average solvent 
accessibility. Positions with 25%-35% average accessibilities were further analyzed 
by calculating average accessibilities of structures only with identical residues at that 
position as well as in the two flanking positions on either side. NA refers to identical 
flanking positions not available. Positions 15 and 70 required further calculations to 
arrive at the final surface predictions given in the last column. 

[50] Figure 13B shows the residue solvent accessibilities for the ten most 

homologous heavy chain structures, calculated with the MC software, and shows the 
averages for each Kabat position, tabulated with Excel. This table presents the data 
for non-CDR positions with average solvent accessibilities greater than 25%. A 
surface residue is defined as a residue with greater than a 30% average solvent 
accessibility. Positions with 25%-35% average accessibilities were further analyzed 
by calculating average accessibilities of structures only with identical residues at that 
position as well as in the two flanking positions on either side. NA refers to identical 
flanking positions not available. 

[51] Figure 14 shows the My9-6 framework surface residues that fall within 5 A of 

a CDR residue. 

[52] Figure 1 5 shows the top five human sequences extracted from the Kabat 

database. Alignments were generated by SR (Pedersen, 1993). The muMy9-6 
residues that come within 5 A of a CDR are underlined. 

[53] Figures 16A & B show the 16 humanized My9-6 light chain variable region 

sequences (A) and the 16 humanized My9-6 heavy chain variable region sequences 
(B) aligned with murine My9-6. The dots (.) represent sequence identity with 
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humanized version 1 .0. The surface residues that differ in murine and human My9-6 
are underlined. 

[54] Figure 17 shows the My9-6 K D values calculated by direct binding assay on 

HL-60 membranes and HL-60 whole cells, as well as competitive binding assay on 

HL-60 membranes. N = 3 except for * where N = 2. 
[55] Figure 18 shows binding curves for huMy9-6 VI. 0. (A): direct binding on 

HL-60 membranes. (B): direct binding on HL-60 whole cells. (C): competitive 

binding on HL-60 membranes. 
[56] Figure 19 shows a comparison of binding of My9-6-DMl with My9-6 

antibody on HL-60 cells. 
[57] Figure 20 shows in vitro cytotoxicity of My9-6-DMl toward CD33-expressing 

human tumor cells. 

[58] Figure 21 shows the results of efficacy experiments of My9-6-DMl in SC1D 

mice bearing HL-60 xenografts. The effect of My9-6-DMl (A) and unmodified My9- 
6 antibody (C) on the growth of HL-60 tumors was evaluated. Mouse body weight 
was monitored as an indication of toxicity (B, D). 

[59] Figure 22 shows a comparison of the efficacy of My9-6-DMl with the free 

drug maytansine in SC1D mice bearing HL-60 xenografts (A). Mouse body weight 
was monitored as an indication of toxicity (B). Relapsed tumors in two treated mice 
were treated with a second course of My9-6-DMl. 

[60] Figures 23 A & B show a comparison of anti-tumor efficacy of My9-6-DMl 

with standard chemotherapy in SCID mice bearing large HL-60 xenografts (A). 
Mouse body weight was monitored as an indication of toxicity (B). Relapsed tumors 
in two treated mice were retreated with a second course of My9-6-DMl. 

[61] Figures 24A & B show anti-tumor efficacy of My9-6-DMl compared with 

Gentuzumab ozogamicin and standard chemotherapy in an HL-60 survival model. 
HL-60 cells were intravenously injected into SCID mice. Indicated treatments were 
started 1 1 days following injection of cells. Treatments were i.v. daily x 5 except for 
Gentuzumab ozogamicin (Q4Dx3). 
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DETAILED DESCRIPTION OF THE INVENTION 

[62] The present invention provides a novel murine anti-CD33 antibody and 

humanized versions of this antibody. Further provided are antibodies comprising one 
or more of the CDRs of the murine anti-CD33 antibody or humanized version thereof 
that specifically recognize and bind to CD33. 

[63] Murine My9-6 Antibody 

[64] The murine anti-CD33 antibody of the present invention, variously designated 

herein as "My9-6", "murine My9-6" and "muMy9-6", is fully characterized with 
respect to the putative germline amino acid sequence of both light and heavy chain 
variable regions (Figure 10), amino acid sequences of both light and heavy chain 
variable regions (Figures 8A & B), the identification of the CDRs (Figure 9), the 
identification of surface amino acids (Figures 13A & B), and means for its expression 
in recombinant form. 

[65] The My9-6 antibody has further been functionally characterized and shown to 

bind with high affinity to CD33 on the surface of CD33-positive U-937 cells (Figure 
1). 125 I-labeled My9-6 binds to U-937 cells and it is competed off the cells by 
unlabeled My9-6 and the previously characterized anti-CD33 antibody My9 
(BioGenex, cat. no. 267M). 

[66] The term "variable region" is used herein to describe certain portions of 

antibody heavy chains and light chains that differ in sequence among antibodies and 
that cooperate in the binding and specificity of each particular antibody for its antigen. 
Variability is not usually evenly distributed throughout antibody variable regions. It 
is typically concentrated within three segments of a variable region called 
complementarity-determining regions (CDRs) or hypervariable regions, both in the 
light chain and the heavy chain variable regions. The more highly conserved portions 
of the variable regions are called the framework regions. The variable regions of 
heavy and light chains comprise four framework regions, largely adopting a beta- 
sheet configuration, with each framework region connected by the three CDRs, which 
form loops connecting the beta-sheet structure, and in some cases forming pent of the 
beta-sheet structure. The CDRs in each chain are held in close proximity by the 
framework regions and, with the CDRs from the other chain, contribute to the 
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formation of the antigen binding site of antibodies (E. A. Kabat et al. Sequences of 

Proteins of Immunological Interest, Fifth Edition, 1991, NIH). 
[67] The "constant" region is not involved directly in binding an antibody to an 

antigen, but exhibits various effector functions, such as participation of the antibody 

in antibody-dependent cellular toxicity. 
[68] Humanized My9-6 Antibody 

[69] Humanized versions of My9-6, variously designated herein as "huMy9-6", 

and "humanized My9-6", have also been prepared. 

[70] The goal of humanization is a reduction in the immunogenicity of a xeno genie 

antibody, such as a murine antibody, for introduction into a human, while maintaining 
the full antigen binding affinity and specificity of the antibody. 

[71] Humanized antibodies may be produced using several technologies such as 

resurfacing and CDR grafting. As used herein, the resurfacing technology uses a 
combination of molecular modeling, statistical analysis and mutagenesis to alter the 
non-CDR surfaces of antibody variable regions to resemble the surfaces of known 
antibodies of the target host. 

[72] Strategies and methods for the resurfacing of antibodies, and other methods 

for reducing immunogenicity of antibodies within a different host, are disclosed in US 

Patent 5,639,641 (Pedersen et al.), which is hereby incorporated in its entirety by 

reference. Briefly, in a preferred method, (1) position alignments of a pool of 

antibody heavy and light chain variable regions is generated to give a set of heavy and 

light chain variable region framework surface exposed positions wherein the 

alignment positions for all variable regions are at least about 98% identical; (2) a set 

of heavy and light chain variable region framework surface exposed amino acid 

residues is defined for a rodent antibody (or fragment thereof); (3) a set of heavy and 

light chain variable region framework surface exposed amino acid residues that is 

most closely identical to the set of rodent surface exposed amino acid residues is 

identified; (4) the set of heavy and light chain variable region framework surface 

exposed amino acid residues defined in step (2) is substituted with the set of heavy 

and light chain variable region framework surface exposed amino acid residues 

identified in step (3), except for those amino acid residues that are within 5 A of any 

atom of any residue of the complementarity-determining regions of the rodent 
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antibody; and (5) the humanized rodent antibody having binding specificity is 
produced. 

[73] Antibodies can be humanized using a variety of other techniques including 

CDR-grafting (EP 0 239 400; WO 91/09967; U.S. Pat. Nos. 5,530,101; and 
5,585,089), veneering or resurfacing (EP 0 592 106; EP 0 519 596; Padlan E. A., 
1991, Molecular Immunology 28(4/5):489-498; Studnicka G. M. et al., 1994, Protein 
Engineering 7(6):805-814; Roguska M.A. et al., 1994, PNAS 91 :969-973), and chain 
shuffling (U.S. Pat. No. 5,565,332). Human antibodies can be made by a variety of 
methods known in the art including phage display methods. See also U.S. Pat. Nos. 
4,444,887, 4,716,1 1 1, 5,545,806, and 5,814,318; and international patent application 
publication numbers WO 98/46645, WO 98/50433, WO 98/24893, WO 98/16654, 
WO 96/34096, WO 96/33735, and WO 91/10741 (said references incorporated by 
reference in their entireties). 

[74] As further described herein, the CDRs of My9-6 were identified by modeling 

and their molecular structures were predicted. Humanized My9-6 antibodies were 
then prepared and have been fully characterized. The amino acid sequences of the 
light and heavy chains of a number of huMy9-6 antibodies are shown in Figure 16A 
and 16B. Comparative binding values for murine and humanized My9-6 antibodies 
are provided in Figure 17. Binding curves for the antibodies are shown in Figure 18. 

[75] Epitope-Binding Fragments of the My9-6 Antibodies 

[76] Although epitope-binding fragments of the murine My9-6 antibody and the 

humanized My9-6 antibodies are discussed herein separately from the murine My9-6 
antibody and the humanized versions thereof, it is understood that the term "antibody' 
or "antibodies" of the present invention may include both the full length muMy9-6 
and huMy9-6 antibodies as well as epitope-binding fragments of these antibodies. 

[77] As used herein, "antibody fragments" include any portion of an antibody that 

retains the ability to bind to CD33, generally termed "epitope-binding fragments." 
Examples of antibody fragments preferably include, but are not limited to, Fab, Fab' 
and F(ab')2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs 
(sdFv) and fragments comprising either a Vl or Vh domain. Epitope-binding 
fragments, including single-chain antibodies, may comprise the variable region(s) 
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alone or in combination with the entirety or a portion of the following: hinge region, 
C H 1, C H 2, and C H 3 domains. 

[78] Such fragments may contain one or both Fab fragments or the F(ab')2 

fragment. Preferably, the antibody fragments contain all six CDRs of the whole 
antibody, although fragments containing fewer than all of such regions, such as three, 
four or five CDRs, are also functional. Further, the functional equivalents may be or 
may combine members of any one of the following immunoglobulin classes: IgG, 
IgM, IgA, IgD, or IgE, and the subclasses thereof. 

[79] Fab and F(ab')2 fragments may be produced by proteolytic cleavage, using 

enzymes such as papain (Fab fragments) or pepsin (F(ab')2 fragments). 

[80] The single-chain FVs (scFvs) fragments are epitope-binding fragments that 

contain at least one fragment of an antibody heavy chain variable region (V H ) linked 
to at least one fragment of an antibody light chain variable region (V L ). The linker 
may be a short, flexible peptide selected to assure that the proper three-dimensional 
folding of the (V L ) and (V H ) regions occurs once they are linked so as to maintain the 
target molecule binding-specificity of the whole antibody from which the single-chain 
antibody fragment is derived. The carboxyl terminus of the (V L ) or (V H ) sequence 
may be covalently linked by a linker to the amino acid terminus of a complementary 
(V L ) and (V H ) sequence. Single-chain antibody fragments may be generated by 
molecular cloning, antibody phage display library or similar techniques well known to 
the skilled artisan. These proteins may be produced, for example, in eukaryotic cells 
or prokaryotic cells, including bacteria. 

[81] The epitope-binding fragments of the present invention can also be generated 

using various phage display methods known in the art. In phage display methods, 
functional antibody domains are displayed on the surface of phage particles which 
carry the polynucleotide sequences encoding them. In particular, such phage can be 
utilized to display epitope-binding domains expressed from a repertoire or 
combinatorial antibody library (e.g., human or murine). Phage expressing an epitope- 
binding domain that binds the antigen of interest can be selected or identified with 
antigen, e.g., using labeled CD33 or CD33 bound or captured to a solid surface or 
bead. Phage used in these methods are typically filamentous phage including fd and 

Ml 3 binding domains expressed from phage with Fab, Fv or disulfide-stabilized Fv 
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antibody domains recombinantly fused to either the phage gene III or gene VIII 
protein. 

Examples of phage display methods that can be used to make the epitope- 
binding fragments of the present invention include those disclosed in Brinkman et al., 
1995, J, Immunol Methods 182:41-50; Ames et al., 1995, J. Immunol. Methods 
184:177-186; Kettleborough et al., 1994, Eur. J. Immunol. 24:952-958; Persic et ah, 
1997, Gene 187:9-18; Burton et al., 1994, Advances in Immunology 57:191-280; PCT 
application No. PCT/GB91/01 134; PCT publications WO 90/02809; WO 91/10737; 
WO 92/01047; WO 92/18619; WO 93/1 1236; WO 95/15982; WO 95/20401; and U.S. 
Pat. Nos. 5,698,426; 5,223,409; 5,403,484; 5,580,717; 5,427,908; 5,750,753; 
5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225; 5,658,727; 5,733,743 and 
5,969,108; each of which is incorporated herein by reference in its entirety. 

After phage selection, the regions of the phage encoding the fragments can be 
isolated and used to generate the epitope-binding fragments through expression in a 
chosen host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, 
using recombinant DNA technology, e.g., as described in detail below. For example, 
techniques to recombinantly produce Fab, Fab' and F(ab')2 fragments can also be 
employed using methods known in the art such as those disclosed in PCT publication 
WO 92/22324; Mullinax et al., 1992, BioTechniques 12(6):864-869; Sawai et al., 
1 995, AJRI 34:26-34; and Better et al., 1988, Science 240:1041-1043; said references 
incorporated by reference in their entireties. Examples of techniques which can be 
used to produce single-chain Fvs and antibodies include those described in U.S. Pat. 
Nos. 4,946,778 and 5,258,498; Huston et al., 1991, Methods in Enzymology 203:46- 
88; Shu et al., 1993, PNAS 90:7995-7999; Skerra et al., 1988, Science 240:1038-1040. 

Functional Equivalents 

Also included within the scope of the invention are functional equivalents of 

the My9-6 antibody and the humanized My9-6 antibodies. The term "functional 

equivalents" includes antibodies with homologous sequences, chimeric antibodies, 

modified antibody and artificial antibodies, for example, wherein each functional 

equivalent is defined by its ability to bind to CD33. The skilled artisan will 

understand that there is an overlap in the group of molecules termed "antibody 

fragments" and the group termed "functional equivalents." 
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[86] Antibodies with homologous sequences are those antibodies with amino acid 

sequences that have sequence identity or homology with amino acid sequence of the 
murine My9-6 and humanized My9-6 antibodies of the present invention. Preferably 
identity is with the amino acid sequence of the variable regions of the murine My9-6 
and humanized My9-6 antibodies of the present invention. "Sequence identity" and 
"sequence homology" as applied to an amino acid sequence herein is defined as a 
sequence with at least about 90%, 91%, 92%, 93%, or 94% sequence identity, and 
more preferably at least about 95%, 96%, 97%, 98%, or 99% sequence identity to 
another amino acid sequence, as determined, for example, by the FASTA search 
method in accordance with Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85, 
2444-2448 (1988). 

[87] As used herein, a chimeric antibody is one in which different portions of an 

antibody are derived from different animal species. For example, an antibody having 
a variable region derived from a murine monoclonal antibody paired with a human 
immunoglobulin constant region. Methods for producing chimeric antibodies are 
known in the art. See, e.g., Morrison, 1985, Science 229:1202; Oi et al., 1986, 
BioTechniques 4:214; Gillies et al., 1989, J. Immunol. Methods 125:191-202; U.S. 
Pat. Nos. 5,807,715; 4,816,567; and 4,816,397, which are incorporated herein by 
reference in their entireties. 

[88] Artificial antibodies include scFv fragments, diabodies, triabodies, tetrabodies 

and mru (see reviews by Winter, G. and Milstein, C, 1991, Nature 349: 293-299; 
Hudson, P. J., 1999, Current Opinion in Immunology 1 1: 548-557), each of which has 
antigen-binding ability. In the single chain Fv fragment (scFv), the V H and V L 
domains of an antibody are linked by a flexible peptide. Typically, this linker peptide 
is about 15 amino acid residues long. If the linker is much smaller, for example 5 
amino acids, diabodies are formed, which are bivalent scFv dimmers. If the linker is 
reduced to less than three amino acid residues, trimeric and tetrameric structures are 
formed that are called triabodies and tetrabodies. The smallest binding unit of an 
antibody is a CDR, typically the CDR2 of the heavy chain which has sufficient 
specific recognition and binding that it can be used separately. Such a fragment is 
called a molecular recognition unit or mru. Several such mrus can be linked together 
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with short linker peptides, therefore forming an artificial binding protein with higher 
avidity than a single mm. 
[89] The functional equivalents of the present application also include modified 

antibodies, e.g., antibodies modified by the covalent attachment of any type of 
molecule to the antibody. For example, modified antibodies include antibodies that 
have been modified, e.g., by glycosylation, acetyl ation, pegylation, phosphorylation, 
amidation, derivatization by known protecting/blocking groups, proteolytic cleavage, 
linkage to a cellular ligand or other protein, etc. The covalent attachment does not 
prevent the antibody from generating an anti-idiotypic response. These modifications 
may be carried out by known techniques, including, but not limited to, specific 
chemical cleavage, acetylation, formylation, metabolic synthesis of tunicamycin, etc. 
Additionally, the modified antibodies may contain one or more non-classical amino 
acids. 

[90] Functional equivalents may be produced by interchanging different CDRs on 

different chains within different frameworks. Thus, for example, different classes of 
antibody are possible for a given set of CDRs by substitution of different heavy 
chains, whereby, for example, IgGi-4, IgM, IgAj.2, IgD, IgE antibody types and 
isotypes may be produced. Similarly, artificial antibodies within the scope of the 
invention may be produced by embedding a given set of CDRs within an entirely 
synthetic framework. 

[91] Functional equivalents may be readily produced by mutation, deletion and/or 

insertion within the variable and/or constant region sequences that flank a particular 
set of CDRs, using a wide variety of methods known in the art. 

[92] The antibody fragments and functional equivalents of the present invention 

encompass those molecules with a detectable degree of binding to CD33, when 
compared to the murine My9-6 antibody. A detectable degree of binding includes all 
values in the range of at least 10-100%, preferably at least 50%, 60% or 70%, more 
preferably at least 75%, 80%, 85%, 90%, 95% or 99% the binding ability of the 
murine My9-6 antibody to CD33. 

[93] Improved Antibodies 

[94] The CDRs are of primary importance for epitope recognition and antibody 

binding. However, changes may be made to the residues that comprise the CDRs 
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without interfering with the ability of the antibody to recognize and bind its cognate 
epitope. For example, changes that do not affect epitope recognition, yet increase the 
binding affinity of the antibody for the epitope may be made. 

[95] Thus, also included in the scope of the present invention are improved 

versions of both the murine and humanized antibodies, which also specifically 
recognize and bind CD33, preferably with increased affinity. 

[96] Several studies have surveyed the effects of introducing one or more amino 

acid changes at various positions in the sequence of an antibody, based on the 
knowledge of the primary antibody sequence and on its properties such as binding and 
level of expression (Yang, W. P. et al., 1995, J. Mol. Biol, 254, 392-403; Rader, C. et 
al., 1998, Proc. Natl. Acad. Sci. USA, 95, 8910-8915; Vaughan, T. J. et al., 1998, 
Nature Biotechnology, 16, 535-539). 

[97] In these studies, equivalents of the primary antibody have been generated by 

changing the sequences of the heavy and light chain genes in the CDR1, CDR2, 
CDR3, or framework regions, using methods such as oligonucleo tide-mediated site- 
directed mutagenesis, cassette mutagenesis, error-prone PCR, DNA shuffling, or 
mutator-strains of E. coli (Vaughan, T. J. et al., 1998, Nature Biotechnology, 16, 535- 
539; Adey, N. B. et al., 1996, Chapter 16, pp. 277-291, in "Phage Display of Peptides 
and Proteins", Eds. Kay, B. K. et al., Academic Press). These methods of changing 
the sequence of the primary antibody have resulted in improved affinities of the 
secondary antibodies (Gram, H. et al., 1992, Proc. Natl. Acad. Sci. USA, 89, 3576- 
3580; Boder, E. T. et al., 2000, Proc. Natl Acad. Sci. USA, 97, 10701-10705; Davies, 
J. and Riechmann, L., 1996, Immunotechnolgy, 2, 169-179; Thompson, J. et al., 1996, 
J. Mol. Biol, 256, 77-88; Short, M. K. et al., 2002, J. Biol Chem., 277, 16365-16370; 
Furukawa, K. et al., 2001, J. Biol. Chem., 276, 27622-27628). 

[98] By a similar directed strategy of changing one or more amino acid residues of 

the antibody, the antibody sequences described herein can be used to develop anti- 
CD33 antibodies with improved functions, including improved affinity for CD33. 

[99] Improved antibodies also include those antibodies having improved 

characteristics that are prepared by the standard techniques of animal immunization, 
hybridoma formation and selection for antibodies with specific characteristics 
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[100] Immunoconjugates 

[101] The present invention is also directed to immunoconjugates, comprising the 

antibodies, antibody fragments, functional equivalents, improved antibodies and their 
analogs as disclosed herein, linked to a drug or prodrug. Preferred drugs or prodrugs 
are cytotoxic agents and include, for example, maytansinoids and maytansinoid 
analogs, taxoids, CC-1065 and CC-1065 analogs, dolastatin and dolastatin analogs. 

[102] The immunoconjugates may be prepared by in vitro methods. In order to link 

a drug or prodrug to the antibody, a linking group is used. Suitable linking groups are 
well known in the art and include disulfide groups, thioether groups, acid labile 
groups, photolabile groups, peptidase labile groups and esterase labile groups. 
Preferred linking groups are disulfide groups and thioether groups. For example, 
conjugates can be constructed using a disulfide exchange reaction or by forming a 
thioether bond between the antibody and the drug or prodrug. 

[103] Maytansinoids and maytansinoid analogs are among the preferred cytotoxic 

agents. Examples of suitable maytansinoids include maytansinol and maytansinol 
analogs. Suitable maytansinoids are disclosed in U.S. Patent Nos. 4,424,2 19; 
4,256,746; 4,294,757; 4,307,016; 4,313,946; 4,315,929; 4,331,598; 4,361,650; 
4,362,663; 4,364,866; 4,450,254; 4,322,348; 4,371,533; 6,333,410; 5,475,092; 
5,585,499; and 5,846,545. 

[104] With respect to maytansinoids, the linking group may comprise a reactive 

chemical group. In a preferred embodiment, the reactive chemical group can be 
covalently bound to the maytansinoid via a disulfide bond linking moiety. 

[105] Particularly preferred reactive chemical groups are 7V-succinimidyl esters and 

A^sulfosuccinimidyl esters. 

[106] Particularly preferred maytansinoids comprising a linking group that contains 

a reactive chemical group are C-3 esters of maytansinol and its analogs where the 
linking moiety contains a disulfide bond and the chemical reactive group comprises a 
Af-succinimidyl or iV-sulfosuccinimidyl ester. 

[107] Many positions on maytansinoids can serve as the position to chemically link 

the linking moiety. For example, the C-3 position having a hydroxyl group, the C-14 
position modified with hydroxymethyl, the C-15 position modified with hydroxy and 
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the C-20 position having a hydroxy group are all expected to be useful. However the 
C-3 position is preferred and the C-3 position of maytansinol is especially preferred. 

[108] Other chemical bonds include acid labile bonds, photolabile bonds, peptidase 

labile bonds and esterase labile bonds. The disclosure of U.S. Patent No. 5,208,020, 
incorporated herein, teaches the production of maytansinoids bearing such bonds. 

[109] As described in detail below, the immunocojugate My9-6-DMl utilizes thiol- 

containing maytansinoid (DM1). DM1 is represented by the following structural 
formula (1): 



[110] Taxanes are also preferred cytotoxic agents. Taxanes suitable for use in the 

present invention are disclosed in U.S. Patent Nos. 6,372,738 and 6,340,701. 
Conjugates of the taxanes of the invention and a cell binding agent can be formed 
using any techniques presently known or later developed. Numerous methods of 
conjugation are taught in USP 5,416,064 and USP 5,475,092. 

[Ill] CC-1065 and its analogs are also preferred cytotoxic drugs for use in the 

present invention. CC-1065 and its analogs are disclosed in U.S. Patent Nos. 
6,372,738; 6,340,701; 5,846,545; and 5,585,499. CC-1065 is a potent anti-tumor 
antibiotic isolated from the culture broth of Streptomyces zelensis. CC-1065 is about 
1000-fold more potent in vitro than commonly used anti-cancer drugs, such as 
doxorubicin, methotrexate and vincristine (B.K. Bhuyan et al., Cancer Res., 42, 3532- 
3537 (1982)). 

[112] Drugs such as methotrexate, daunorubicin, doxorubicin, vincristine, 

vinblastine, melphalan, mitomycin C, chlorambucil, calicheamicin, dolastatin and 

dolastatin analogs are also suitable for the preparation of conjugates of the present 
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invention. The drug molecules can also be linked to the antibody molecules through 
an intermediary carrier molecule such as serum albumin. 
[113] Inhibiting the growth of CB33-expressing cells 

[114] Also included in the present invention are methods for inhibiting the growth of 

cells expressing CD33. These methods make use of the antibodies or 
immunoconjugates of the present invention, as well as the antibodies or 
immunoconjugates of the present invention in conjunction with one or more 
additional therapeutic agents. Suitable therapeutic agents include those that inhibit 
the growth of a cell expressing CD33 directly or indirectly. 


[115] As used herein the terms "inhibit" and "inhibiting" should be understood to 

include any inhibitory effect on cell growth, including cell death. The inhibitory 
effects include temporary effects, sustained effects and permanent effects. 

[116] Therapeutic Applications 

[117] The present invention also includes therapeutic applications of the antibodies 


or immunoconjugates of the present invention wherein the antibodies or 
immunoconjugates may be administered to a subject, in a pharmaceutically acceptable 
dosage form. They can be administered intravenously as a bolus or by continuous 
infusion over a period of time, by intramuscular, subcutaneous, intra-articular, 
intrasynovial, intrathecal, oral, topical, or inhalation routes. They may also be 
administered by intratumoral, peritumoral, intralesional, or perilesional routes, to 
exert local as well as systemic therapeutic effects. 

[118] A pharmaceutically acceptable dosage form will generally include a 

pharmaceutically acceptable agent such as a carrier, diluent, and excipient. These 
agents are well known and the most appropriate agent can be determined by those of 
skill in the art as the clinical situation warrants. Examples of suitable carriers, 
diluents and/or excipients include: (1) Dulbecco's phosphate buffered saline, pH -7.4, 
containing about 1 mg/ml to 25 mg/ml human serum albumin, (2) 0.9% saline (0.9% 
w/v NaCl), and (3) 5% (w/v) dextrose. 

[119] In other therapeutic applications, the antibodies or immunoconjugates of the 

invention are co -administered with one or more additional therapeutic agents. 

Therapeutic agents are those agents that seek to kill or limit the growth of cancer cells 

while doing minimal damage to the host. Thus, such agents may exploit any 
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difference in cancer cell properties (e.g. metabolism, vascularization or cell-surface 
antigen presentation) from healthy host cells. Differences in tumor morphology are 
potential sites for intervention. For example, the therapeutic agent can be an antibody 
such as an anti-VEGF antibody that is useful in retarding the vascularization of the 
interior of a solid tumor, thereby slowing its growth rate. 

[120] Suitable therapeutic agents include, but are not limited to, cytotoxic or 

cytostatic agents. Taxol is a preferred therapeutic agent that is also a cytotoxic agent. 
Other therapeutic agents include, but are not limited to, adjuncts such as granisetron 
HCL, androgen inhibitors such as leuprolide acetate, antibiotics such as doxorubicin, 
antiestrogens such as tamoxifen, antimetabolites such as interferon alpha-2a, enzyme 
inhibitors such as ras farnesyl-transferase inhibitor, immunomodulators such as 
aldesleukin, and nitrogen mustard derivatives such as melphalan HC1, and the like. 

[121] When present in an aqueous dosage form, rather than being lyophilized, the 

antibody typically will be formulated at a concentration of about 0.1 mg/ml to 100 
mg/ml, although wide variation outside of these ranges is permitted. For the 
treatment of disease, the appropriate dosage of antibody or conjugate will depend on 
the type of disease to be treated, as defined above, the severity and course of the 
disease, whether the antibodies are administered for preventive or therapeutic 
purposes, the course of previous therapy, the patient's clinical history and response to 
the antibody, and the discretion of the attending physician. The antibody is suitably 
administered to the patient at one time or over a series of treatments. 

[122] Depending on the type and severity of the disease, about 0.01 5 to 15 mg of 

antibody/kg of patient weight is an initial candidate dosage for administration to the 
patient, whether, for example, by one or more separate administrations, or by 
continuous infusion. For repeated administrations over several days or longer, 
depending on the condition, the treatment is repeated until a desired suppression of 
disease symptoms occurs. However, other dosage regimens may be useful and are not 
excluded. 

[123] The therapeutic applications of the present invention include methods of 

treating a subject having a disease. The diseases treated with the methods of the 

present invention are #iose characterized by the expression of CD33. Such diseases 

include myelodysplastic syndromes (MDS) and cancers such as acute myeloid 
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leukemia (AML), chronic myeloid leukemia (CML) and pro-myelocytic leukemia 
(PML). The skilled artisan will understand that the methods of the present invention 
may also be used to treat other diseases yet to be described but characterized by the 
expression of CD33. 

[124] The therapeutic applications of the present invention can be also practiced in 

vitro and ex vivo. 

[125] Examples of in vitro uses include the purification of cell populations contaminated 
with CD33-positive cells such as cells of myeloid lineage. The method comprises 
culturing the cell populations in the presence of a cytotoxic My9-6 immunoconjugate 
and then removal of dead, CD33-positive cells. The conditions for non-clinical in 
vitro use are well known (see, e.g., Uckun et al., 1986, J Exp, Med. 163,347-368; 
Uckun et al., 1985, J. Immunol. 134, 3504-3515; Ramakrishnan et al., 1985, J. 
Immunol. 3616-3622). 


[126] Examples of clinical ex vivo use include treatment of autologous bone marrow 
prior to their infusion into the same patient in order to kill diseased or malignant 
myeloid lineage cells (Roy D.C. et al., 1995, J. Clin. Immunol. 15, 51-57). 

[127] Diagnostic and Research Applications 

[128] In addition to the therapeutic uses of the antibodies discussed herein, the 


antibodies of the present invention can be employed in many known diagnostic and 
research applications. Antibodies of the present invention may be used, for example, 
in the purification, detection, and targeting of CD33, included in both in vitro and in 
vivo diagnostic methods. For example, the antibodies may be used in immunoassays 
for qualitatively and quantitatively measuring levels of CD33 expressed by cells in 
biological samples. See, e.g., Harlow et al., Antibodies: A Laboratory Manual (Cold 
Spring Harbor Laboratory Press, 2nd ed. 1988), incorporated by reference herein in its 
entirety. 

[129] The antibodies of the present invention may be used in, for example, 

competitive binding assays, direct and indirect sandwich assays, and 
immunoprecipitation assays (Zola, Monoclonal Antibodies: A Manual of Techniques, 
pp. 147-1 58 (CRC Press, Inc., 1987)). 

[130] The antibodies of the invention also are useful for in vivo imaging, wherein an 

antibody labeled with a detectable moiety such as a radio-opaque agent or 
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radioisotope is administered to a subject, preferably into the bloodstream, and the 
presence and location of the labeled antibody in the host is assayed. This imaging 
technique is useful in the staging and treatment of malignancies. The antibody may be 
labeled with any moiety that is detectable in a host, whether by nuclear magnetic 
resonance, radiology, or other detection means known in the art. 

[131] The label can be any detectable moiety that is capable of producing, either 

directly or indirectly, a detectable signal. For example, the label may be a biotin 
label, an enzyme label (e.g., luciferase, alkaline phosphatase, beta-galactosidase and 
horseradish peroxidase), a radio-label (e.g., 3 H, 14 C, 32 P, 35 S, and ,25 I), a fluorophore 
such as fluorescent or chemiluminescent compound (e.g., fluorescein isothiocyanate, 
rhodamine), an imaging agent (e.g., Tc-m99 and indium ( lu In)) and a metal ion (e.g., 
gallium and europium). 

[132] Any method known in the art for conjugating the antibody to the label may be 

employed, including those methods described by Hunter, et al., 1962, Nature 144:945; 
David et al., 1974, Biochemistry 13:1014; Pain et al., 1981, J. Immunol Meth. 40:219; 
Nygren, J., 1982, Histochem. and Cytochem, 30:407. 

[133] The antibodies of the invention also are useful as affinity purification agents. 

In this process, the antibodies are immobilized on a suitable support, such a Sephadex 
resin or filter paper, using methods well known in the art. Thus, CD33 may be 
isolated and purified from a biological sample. 

[134] Polynucleotides, Vectors, Host Cells and Methods for Making Antibody 

[135] The present invention further provides polynucleotides comprising a 

nucleotide sequence encoding an antibody of the invention or epitope-binding 
fragments thereof. 

[136] The present invention also encompasses polynucleotides encoding a 

polypeptide that can bind CD33 and that hybridize under stringent hybridization 
conditions to polynucleotides that encode an antibody of the present invention, 
wherein said stringent hybridization conditions include: pre-hybridization for 2 hours 
at 60°C in 6x SSC, 0.5% SDS, 5x Denhardt's solution, and 100 |ig/ml heat denatured 
salmon sperm DNA; hybridization for 18 hours at 60°C; washing twice in 4x SSC, 
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0.5% SDS, 0.1% sodium pyrophosphate, for 30 min at 60°C and twice in 2x SSC, 
0.1% SDS for 30 min at 60°C. 

[137] The polynucleotides may be obtained, and the nucleotide sequence of the 

polynucleotides determined, by any method known in the art. For example, if the 
nucleotide sequence of the antibody is known, a polynucleotide encoding the antibody 
may be assembled from chemically synthesized oligonucleotides (e.g., as described in 
Kutmeier et al., 1994, BioTechniques 17:242) which, briefly, involves the synthesis of 
overlapping oligonucleotides containing portions of the sequence encoding the 
antibody, annealing and ligation of those oligonucleotides, and then amplification of 
the ligated oligonucleotides by PCR. 

[138] Methods for the construction of recombinant vectors containing antibody 

coding sequences and appropriate transcriptional and translational control signals are 
well known in the art. These methods include, for example, in vitro recombinant 
DNA techniques, synthetic techniques, and in vivo genetic recombination. The 
invention, thus, provides replicable vectors comprising a nucleotide sequence 
encoding an antibody molecule of the present invention, or a heavy or light chain 
thereof, or a heavy or light chain variable domain, or an epitope-binding fragment of 
any of these, operably linked to a promoter. 

[139] The recombinant vector is transferred to a host cell by conventional techniques 

and the transfected cells are then cultured by conventional techniques to produce an 
antibody of the invention. Thus, the invention includes host cells containing a 
polynucleotide encoding an antibody of the invention, or an epitope-binding fragment 
thereof, operably linked to a heterologous promoter. In preferred embodiments, 
vectors encoding both the heavy and light chains may be co-expressed in the host cell 
for expression of an entire immunoglobulin molecule. 

[140] A variety of host-expression vector systems may be utilized to express the 

antibody molecules of the invention. Such host-expression systems represent vehicles 

by which the coding sequences of interest may be produced and subsequently 

purified, but also represent cells which may, when transformed or transfected with the 

appropriate nucleotide coding sequences, express an antibody molecule of the 

invention in situ. These include but are not limited to microorganisms such as 

bacteria (e.g., E. coli, B. subtilis) transformed with recombinant bacteriophage DNA, 
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plasmid DNA or cosmid DNA expression vectors containing antibody coding 
sequences; yeast (e.g., Saccharomyces, Pichia) transformed with recombinant yeast 
expression vectors containing antibody coding sequences; insect cell systems infected 
with recombinant virus expression vectors (e.g., baculo virus) containing antibody 
coding sequences; plant cell systems infected with recombinant virus expression 
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or 
transformed with recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing antibody coding sequences; or mammalian cell systems (e.g., COS, CHO, 
BHK, 293, 3T3 cells) harboring recombinant expression constructs containing 
promoters derived from the genome of mammalian cells (e.g., metallothionein 
promoter) or from mammalian viruses (e.g., the adenovirus late promoter; the 
vaccinia virus 7.5K promoter). 

[141] Preferably, bacterial cells such as Escherichia coli, and more preferably, 

eukaryotic cells, especially for the expression of whole recombinant antibody 
molecule, are used for the expression of a recombinant antibody molecule. For 
example, mammalian cells such as Chinese hamster ovary cells (CHO), in 
conjunction with a vector such as the major intermediate early gene promoter element 
from human cytomegalovirus is an effective expression system for antibodies 
(Foecking et al., 1986, Gene 45:101; Cockett et al., 1990, Bio/Technology 8:2). 

[142] For long-term, high- yield production of recombinant proteins, stable 

expression is preferred. For example, cell lines which stably express the antibody 
molecule may be engineered. Rather than using expression vectors which contain 
viral origins of replication, host cells can be transformed with DNA controlled by 
appropriate expression control elements (e.g., promoter, enhancer, sequences, 
transcription terminators, polyadenylation sites, etc.) and a selectable marker. 
Following the introduction of the foreign DNA, engineered cells may be allowed to 
grow for 1-2 days in an enriched media, and then are switched to a selective media. 
The selectable marker in the recombinant plasmid confers resistance to the selection 
and allows cells to stably integrate the plasmid into their chromosomes and grow to 
form foci which in turn can be cloned and expanded into cell lines. This method may 
advantageously be used to engineer cell lines which express the antibody molecule. 
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Such engineered cell lines may be particularly useful in screening and evaluation of 
compounds that interact directly or indirectly with the antibody molecule. 

[143] Once an antibody molecule of the invention has been recombinantly 

expressed, it may be purified by any method known in the art for purification of an 
immunoglobulin molecule, for example, by chromatography (e.g., ion exchange, 
affinity, particularly by affinity for the specific antigen after Protein A, and sizing 
column chromatography), centrifugation, differential solubility, or by any other 
standard technique for the purification of proteins. 

[144] EXAMPLES 

[145] The invention is now described by reference to the following examples, which 

are illustrative only, and are not intended to limit the present invention. 
[146] Example 1. Murine My9-6 Antibody 

[147] In this first example, the complete primary amino acid structure and cDNA 

sequence of the murine My9-6 antibody of the present invention is disclosed, together 
with its binding properties and means for its expression in recombinant form. 
Accordingly, there is provided a full and complete disclosure of an antibody of the 
invention and its preparation, such that one of ordinary skill in the immunological arts 
would be able to prepare said antibody without undue experimentation. 
[148] 1.1. Generation, Production and Characterization of My9-6 Antibody 

[149] A 3T3 murine fibroblast cell line transfected with the CD33 antigen was used 

for immunization. 

[150] BALB/c female mice, 5 months old, were immunized intraperitoneally on day 

0 with the transfected 3T3 murine fibroblast cell line (2.5 x 10 6 cells, suspended in 0.2 
mL PBS). The animals were boosted with 0.2 mL cell suspension as follows: day 13, 
5 x 10 6 cells; day 21, 5 x 10 6 cells. On day 24, a mouse was sacrificed and its spleen 
removed. 

[151] The spleen was ground between two frosted glass slides to obtain a single cell 

suspension, which was washed with serum-free RPMI medium containing penicillin 

and streptomycin (SFM). The spleen cell pellet was resuspended in 10 mL of 0.83% 

(w/v) ammonium chloride solution in water for 10 min on ice to lyse the red blood 

cells, and was then washed with serum-free medium (SFM). Spleen cells (1.6 x 10 8 ) 

were pooled with myeloma cells (5.4 x 10 7 ) from the non-secreting mouse myeloma 
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cell line P3X63Ag8.653 (ATCC, Rockville, MD; cat. no. CRL1580) in a tube, and 
washed with the serum-free RPMI-1640 medium (SFM). The supernatant was 
removed and the cell pellet diluted to 2 x 10 7 cells/mL. The cells were plated at 2 x 
10 7 cells/plate onto tissue culture plates that were coated with 15 mg/mL concanavalin 
A. Plates were incubated for one hour at 37°C. The supernatant was gently removed 
from the plates. One mL of polyethylene glycol solution (40% PEG w/v) was slowly 
added dropwise. The plates were swirled and incubated for 30 seconds. The PEG was 
removed and discarded. The plates were washed twice by slowly adding 5 mL of 
SFM and then discarding. After the final wash, 5 mL of SFM supplemented with 5% 
Fetal Bovine Serum (FBS) was added. Plates were incubated overnight at 37°C. 
Following incubation, cells were scraped off the plates with a cell scraper and pooled. 
The plates were rinsed and pooled with the cells. Cells were pelleted by 
centrifugation and resuspended in RPMI-1640 growth media supplemented with 5% 
FBS, penicillin-streptomycin and hypoxanthine/aminopterin/thymidine (HAT). Cells 
were plated at 2 x 10 5 cells/well on 96-well flat bottom tissue culture plates containing 
a macrophage feeder layer. The general conditions used for immunization and 
hybridoma production were as described by J. Langone and H. Vunakis (Eds., 
Methods in Enzymology, Vol. 121, "Immuno chemical Techniques, Part I"; 1986; 
Academic Press, Florida) and E. Harlow and D. Lane ("Antibodies: A Laboratory 
Manual"; 1988; Cold Spring Harbor Laboratory Press, New York). Other techniques 
of immunization and hybridoma production can also be used, as are well known to 
those of skill in the art. 

[152] Culture supernatants from hybridoma clones were screened for binding to cells 

transfected with the CD33 antigen and the human histiocytic lymphoma cell line, U- 
937 (ATCC CRL- 1953.2) and for a lack of binding to a mouse fibroblast cell line. 
These clones were expanded and subcloned. The culture supernatants of the 
subclones were further screened by the above binding assays. By this procedure, 
subclone 3E7-H2-3D8 (My9-6) was selected, and the heavy and light chain genes 
were cloned and sequenced as described below. 

[153] Screening of hybridoma supernatants for specific binding to the CD33 antigen 

was performed using ELISA on cell lines that expressed this antigen and on a cell line 

negative for this antigen. Cells were separately harvested from tissue culture flasks, 
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suspended in growth medium containing 10% FBS, pelleted by centrifugation, and 
washed with PBS. The washed cells (100 [iL of about 1-3 x 10 6 cells/mL) were added 
to wells of an Immulon-2HB plate coated with phytohemagglutinin (100 jaL of 20 
|Lig/mL PHA), centrifiiged and allowed to adhere to PHA-coated wells for 1 0 min. 
The plate with cells was flicked to remove PBS and was then dried overnight at 37°C. 
The wells were blocked with 5 mg/mL BSA solution in PBS for 1 h at 37°C and were 
then washed gently with PBS. Aliquots of the supernatants from hybridoma clones 
(100 jaL; diluted in blocking buffer) were then added to wells containing CD33 
antigen-expressing cells and to cells not expressing CD33, and were incubated at 
ambient temperature for 1 h. The wells were washed with PBS, incubated with goat- 
anti-mouse-IgG-antibody-horseradish peroxidase conjugate (100 jaL; in blocking 
buffer) for 1 h, followed by washes and then binding was detected using an 
ABTS/H2O2 substrate. A typical supernatant from a 3E7 hybridoma subclone upon 
incubation with cells overexpressing CD33 antigen yielded a signal of 0.50 
absorbance units, in contrast to a value of 0. 1 0 absorbance units obtained upon 
incubation with cells negative for the CD33 antigen. 
[154] The hybridoma was grown in ascites in BALB/c mice. A vial of frozen 

hybridoma cells was thawed and the cells were expanded in tissue culture flasks to 
obtain the necessary number of cells for ascites production. Primed BALB/c mice 
(mice had been injected i.p. with 0.5 mL of pristane 10-14 days in advance) were 
injected i.p. with 1 x 10 6 cells in 0.5 mL of phosphate buffered saline (PBS). Twelve 
to 18 days after injection of the cells, ascites fluid was withdrawn from the peritoneal 
cavity of the mice with a syringe. The pooled ascites fluid was centrifiiged at 1000 
rpm for 5 min, the supernatant was then subjected to centrifugation at 12,000 rpm for 
30 minutes. The antibody was purified from the clear supernatant as follows: Step 1 : 
ammonium sulfate precipitation. The supernatant on ice was diluted with two volumes 
of cold PBS, stirred and then treated slowly with one volume of cold, saturated 
(100%) ammonium sulfate solution. The solution was left standing on ice for about 5 
hours, when the precipitate was collected by centrifugation. The pellet was dissolved 
in a small amount of PBS and the resulting solution was dialyzed into the buffer for 
the affinity purification step with protein A. Step 2: Affinity purification on 

29 


Attorney Docket No. A8427 

Sepharose-Protein A. The isotype of murine My9-6 is IgGl with a kappa light chain. 
Therefore the affinity column was equilibrated in 0.1 M tris.HCl buffer containing 3 
M NaCl, pH 8.0. The antibody solution in the same buffer was passed through the 
column, the column was washed well with the equilibrating buffer and then eluted 
with 0. 1 M acetic acid containing 0. 1 5 M NaCl. Fractions were assayed by measuring 
the UV absorption at 280 nm. Fractions containing the antibody were combined, 
neutralized with 1 M tris and then dialyzed into PBS for use and storage. 

[155] Purified antibody was initially characterized for binding to CD33-expressing 

cells, such as the transfected murine 3T3 fibroblast cell line and the human U-937 cell 
line, and the absence of binding to antigen-negative cell lines as described above for 
the screening of hybridoma supernatants. 

[156] To further ascertain its specificity for binding to the CD33 antigen, a 

competition binding experiment was performed between labeled muMy9-6 and the 
commercially available anti-CD33 antibody My9. The binding experiment was 
performed using the method described by Goldmacher et al. (1989, J. Cell. Physiol. 
141, 222-234). Murine My9-6 antibody was radiolabeled with 125 I using the Iodo-gen 
technique (Fraker, P.J. and Speck, J.C., 1978, Biochem. Biophys. Res. Commun. 80, 
849-857). A constant amount (3 x 10' 9 M) of 125 I-labeled muMy9-6 was mixed with 
increasing concentrations of non-radioactive antibody, either unlabeled muMy9-6 or 
unlabelled My9, and the mixtures were incubated with cells (1 x 10 6 cells per sample) 
at 4°C for 30 min. These incubations were done in 60 jal of a buffer consisting of 
Minimum Essential Medium Modified for Suspension Cultures (SMEM) 
supplemented with 2.5% human serum. The cells were then separated from the media 
containing non-bound material by centrifugation through a mixture of silicone oil 
(Aldrich) and paraffin oil (Baker) with a density of 1.009 g/ml. The cell pellet was 
then removed by cutting the centrifuge tubes at the oil interface and was used to 
measure the cell-associated radioactivity on a gamma-counter (model RIAgamma 
1274 from LKB). The cell-associated radioactivity measured was blotted against the 
concentrations of the unlabelled, competing antibodies. The results are shown in 
Figure 1 : both antibodies, My9 and My9-6, give very similar competition binding 
curves. This demonstrates that My9 and My9-6 bind to the same antigen and 
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furthermore that both antibodies have very similar binding avidities. Since My9 is a 
published and accepted anti-CD33 standard it was concluded that My9-6 is an anti- 
CD33 antibody. My9 antibody is commercially available from BioGenex (San 
Ramon, Ca 94583; cat. no. AM267-5M). 

[157] 1.2. Cloning of Heavy and Light Chain Genes of My9-6 antibody 

[158] Total RNA was purified from a confluent T175 flask of My9-6 hybridoma 

cells as described in Molecular Protocols (NB1455-pl73). RNA integrity was 
checked on a 1% MOPS gel and concentrations were determined by UV 
spectrophotometry. RT reactions were done with 4-5 \ig total RNA using the Gibco 
Superscript II kit and either oligo dT or random hexamer primers. 

[159] PCR reactions were done both by using a RACE method described in Co et al. 

(1992, J. Immunol. 148(4): 1 149-54) and by using degenerate primers described in 
Wang et al. (2000, J. Immunol. Methods. 233: 167-177). The RACE PCR required an 
intermediate step to add a poly dG tail on the 3' ends of the first strand cDNAs. RT 
reactions were purified with Qianeasy (Qiagen) columns and eluted in 50 \x\ 1 x NEB 
buffer 4. A dG tailing reaction was done on the eluate with 0.25 mM C0CI2, 1 mM 
dGTP, and 5 units terminal transferase (NEB), in 1 x NEB buffer 4. The mixture was 
incubated at 37°C for 30 minutes and then 1/5 of the reaction mixture (10 was 
added directly to a PCR reaction mixture to serve as the template DNA. 

[160] The RACE and degenerate PCR reactions were identical except for differences 

in primers and template. As mentioned above, the terminal transferase reaction 
mixture was used directly for the RACE PCR template, while the RT reaction mix 
was used directly for degenerate PCR reactions. In both reaction sets the same 3' 
light chain primer, HindKL: 

TATAGAGCTCAAGCTTGGATGGTGGGAAGATGGATACAGTTGGTGC (SEQ 
ID NO: 11) 

and 3' heavy chain primer, Bgl2IgGl : 

GGAAGATCTATAGACAGATGGGGGTGTCGTTTTGGC (SEQ ID NO: 12) 
were used. 

[161] In the RACE PCR, one poly dC 5' primer was used for both the heavy and 

light chain, EcoPolydC: TATATCTAGAATTCCCCCCCCCCCCCCCCC (SEQ ID 

NO: 13), while the degenerate 5' end PCR primers were SaclMK: 
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GGGAGCTCGAYATTGTGMTSACMCARWCTMCA (SEQ ID NO: 14) for the 
light chain and an equal mix of EcoRlMHl: 

CTTCCGGAATTCSARGTNMAGCTGSAGSAGTC (SEQ ID NO: 15) and 
EcoRlMH2: CTTCCGGAATTCSARGTNMAGCTGSAGSAGTCWGG (SEQ ID 
NO: 16) for the heavy chain (mixed bases: H = A+T+C, S = G+C, Y = C+T, K = 
G+T, M = A+C, R = A+G, W = A+T, V = A+C+G, N = A+T+G+C). 
[162] The PCR reactions were performed on an MJ research thermocycler using a 

program adapted from Wang et al. (2000, J. Immunol. Methods. 233:167-177): 

1) 94°C, 3 min; 2) 94°C, 15 sec; 3) 45°C, 1 min; 4) 72°C, 2 min; 5) cycle back to step 
#2 29 times; 6) finish with a final extension step at 72°C for 10 min. The PCR 
products were cloned into pBluescript II SK+ (Stratagene) using restriction enzymes 
created by the PCR primers. Heavy and light chain clones were sequenced by Lark 
Technologies or Seqwright sequencing services. 

[163] The RACE PCR was never successful for the My9-6 light chain. Thus, in 

order to confirm the 5' end cDNA sequences, additional degenerate PCR and cloning 
was done. The My9-6 light chain cDNA sequence, determined from the degenerate 
PCR clones, was entered into the NCBI's Blast search website 
(ncbi.nlm.nih.gov/BLAST/) and the top five murine antibody sequences with signal 
sequence submitted were saved. Degenerate PCR primers were designed from these 
signal peptides using the Codehop web software (blocks.fhcrc.org/codehop.html). 
EcoRI restriction sites were added to three of the Codehop degenerate primers (Figure 

2) and these were used in RT-PCR reactions as described above. 

[164] 1.3. Preparation and Sequencing of Heavy and Light Chain Samples 

[165] The heavy and light chains of muMy9-6 antibody were separated by SDS- 

PAGE under reducing conditions. The reduced and denatured antibody was 
electrophoresed on a 12% Tris-glycine gel (Novex, San Diego, CA). After 
electrophoresis, the gels were blotted onto an Immobilon psq membrane using 
CAPS/MeOH buffer. After transfer, the membranes were stained with Ponseau S. 
The bands corresponding to the light and heavy chains were excised for protein 
sequencing. 

[166] The light chain of the antibody was sequenced directly from the membrane by 

automated Edman degradation chemistry on an ABI 494 Procise sequencer. 
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[167] The N-terminus of the heavy chain was blocked, thus the protein was digested, 

in situ, with trypsin according to Gharahdaghi, et al. (1996). The digest mixture was 
then analyzed by MALDI-TOF mass spectrometry on a Kratos Kompact SEQ 
instrument. Selected peptides were subjected to MS/MS to determine their sequences. 

[168] Example 2. Humanization of Antibody Variable Region by Resurfacing 

[169] Resurfacing of the My9-6 antibody to provide humanized versions suitable as 

therapeutic or diagnostic agents generally proceeds according to the principles and 
methods disclosed in U.S. Patent 5,639,641, and as follows. 

[170] 2.1. Surface prediction 

[171] The solvent accessibility of the variable region residues for a set of antibodies 

with solved structures was used to predict the surface residues for the murine My9-6 
antibody variable region. The amino acid solvent accessibility for a set of 127 unique 
antibody structure files (Figure 3) were calculated with the MC software package 
(Pedersen et al., 1994, J. Mol Biol 235(3):959-973). The ten most similar light chain 
and heavy chain amino acid sequences from this set of 127 structures was determined 
using sequence alignment software on the NCBI website 

(http://www.ncbi.nlm.nih.gov/BLAST/). The average solvent accessibility for each 
variable region residue of these ten antibody variable regions was calculated with an 
Excel spreadsheet and positions with greater than a 30% average accessibility were 
considered surface residues. Positions with average accessibilities of between 25% 
and 35% were further considered by calculating the individual residue accessibility 
for only those structures with two identical residues flanking on either side. 
[172] 2.2. Molecular Modeling 

[173] A molecular model of the variable region of murine My9-6 was generated 

using the Oxford Molecular software package AbM. The antibody framework was 
built from structure files for the antibodies with the most similar amino acid 
sequences (lsbs for the light chain and lbbj for the heavy chain) and the non- 
canonical CDRs were built by searching a C-a structure database containing non- 
redundant solved structures. Models were viewed with the GlaxoSmithKline Swiss- 
Pdb Viewer and residues that lie within 5 ? of a CDR were determined. 
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[174] 2.3. Human Antibody Selection 

[175] The surface positions of the murine My9-6 variable region were compared to 

the corresponding positions in human antibody sequences in the Kabat database 

(Johnson and Wu, 2001, Nucleic Acids Res. 29(l):205-6). The antibody database 

management software SR (Searle, 1998) was used to extract and align the surface 

residues from natural heavy and light chain human antibody pairs. The human 

antibody variable region surface with the most identical surface residues, with special 

consideration given to positions that come within 5 ? of a CDR, was chosen to 

replace the murine My9-6 antibody variable region surface residues. 

[176] 2.4. Construction of Humanized Antibody Gene by PCR mutagenesis 

[177] PCR mutagenesis was performed on the murine My9-6 variable region cDNA 

clones to first change the 5' end sequences to match the peptide sequence, and then 

build the resurfaced, human My9-6 gene. Primer sets were designed to create the 

murine residues not originally sequenced in the initial degenerate PCR clones (light 

chain positions Nl, M3, L4, and S7, and heavy chain positions Q3 and P7). 

[178] Humanization primer sets were designed to make the 6 amino acid changes 

required for all versions of huMy9-6 and additional primers were designed to 

alternatively change the four 5 ? residues (Figure 4). PCR reactions were performed 

on an MJ Research thermocycler with the following program: 1) 94°C, 1 min; 2) 

94°C, 15 sec; 3) 55°C, 1 min; 4) 72°C, 1 min; 5) cycle back to step #2 29 times; 6) 

finish with a final extension step at 72°C for 4 min. The PCR products were digested 

with their corresponding restriction enzymes and cloned into the pBluescript cloning 

vectors. Clones were sequenced to confirm the amino acid changes. 

[179] 2.5. Expression Vector for Humanized Antibodies 

[180] The light and heavy chain paired sequences were cloned into a single 

mammalian expression vector. The PCR primers for the human variable sequences 

created restriction sites that allowed the human signal sequence to be added in the 

pBluescriptll cloning vector. The variable sequences could then be cloned into the 

mammalian expression plasmid with EcoRI and BsiWI or Hindlll and Apal for the 

light chain or heavy chain respectively (Figure 5). The light chain variable sequences 

were cloned in-frame onto the human IgKappa constant region and the heavy chain 

variable sequences were cloned into the human IgGammal constant region sequence. 
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In the final expression plasmids, human CMV promoters drive the expression of both 
the light and heavy chain cDNA sequences. 
[181] 2.6, Transient Expression of Humanized Antibodies 

[182] 293T cells were cultured in Dulbecco's Modified Eagle Medium (DMEM, 

BioWhittaker, 12-614F), 10% heat-inactivated fetal bovine serum (Hyclone, 
SH30071.03), 4 mM L-glutamine (BioWhittaker, 17-604E), and 1% 
penicillin/streptomycin mixture (BioWhittaker, 1 7-603 E) under 6% C0 2 in a 37°C 
incubator. The cells were split three times per week at a 1 :10 dilution maintaining a 
sub-confluent population. 24 hours prior to transfection, cells were trypsinized 
(BioWhittaker, 17-1 6 IE); live cells were counted by the trypan blue exclusion method 
and plated on 10 cm, tissue culture treated plates (Coming, 430167) at a density of 2 x 
10 6 cells per plate. Immediately prior to transfection, cells were washed gently with 
phosphate buffered saline (PBS, diluted from BioWhittaker 10 x PBS, 17-517Q) and 
cells were overlayed with 7 mL of Hybridoma SFM (InvitroGen, 12045-076) 
including 1% Ultra Low IgG Serum (Gibco BRL, 16250-078). 
[183] The transient transfection methods were adapted from the standard Qiagen 

Polyfect protocol. For one 10 cm plate to be transfected, 8 |ng of CsCl grade DNA 
was combined with 300 \xL Hybridoma SFM and 80 \xL Polyfect transfection reagent 
(Qiagen, 301 107). The transfection mix was vortexed for about 5 seconds on low 
speed and incubated for 5 minutes at ambient temperature. After incubation, 1 mL of 
Hybridoma SFM, 1% Ultra Low IgG Serum was added to the transfection mix and 
combined by pipetting up and down about five times. Transfection mix was then 
added to the 7 mL Hybridoma SFM covering the cells and plates were swirled gently 
to insure even distribution. The transfection reactions were incubated over-night, 
generally 16 hours, in a tissue culture incubator. The transfection media was then 
carefully removed from the cells and replaced with 20 mL of Hybridoma SFM, 1% 
Ultra Low IgG. The transfected cells were then returned to the incubator for 72 
hours, after which the supernatants were harvested and antibody production 
quantitated by ELIS A. Harvested supernatant was stored at 4°C until purification. 
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[184] 2.7. Purification of Humanized Antibodies 

[185] Supernatant was prepared for Protein A affinity chromatography by the 

addition of 1/10 volume of 1 M Tris/HCl buffer, pH 8.0. The pH-adjusted 
supernatant was filtered through a 0.22 |im filter membrane and loaded onto a Protein 
A Sepharose column (HiTrap Protein A HP, 1 mL, Amersham Biosciences) 
equilibrated with binding buffer (PBS, pH 7.3). A Q-Sepharose precolumn (10 mL) 
was connected upstream of the Protein A column during sample loading to reduce 
contamination from cellular material such as DNA. Following sample loading, the 
pre-column was removed and the Protein A column orientation was reversed for wash 
and elution. The column was washed with binding buffer until a stable baseline was 
obtained with no absorbance at 280 nm. Antibody was eluted with 0. 1 M acetic acid 
buffer containing 0.15 M NaCl, pH 2.8, using a flow rate of 0.5 mL/min. Fractions of 
approximately 0.25 mL were collected and neutralized by the addition of 1/10 volume 
of 1M Tris/HCl, pH 8.0. The peak fraction(s) was dialysed overnight against PBS, 
pH 7.3. The amount of antibody was quantified by measuring absorbance at 280 nm 
and the antibody concentration was calculated assuming that E28o°' 1% = 1-4. 
Absorbance spectra analysis and SDS-PAGE were conducted on antibody fractions to 
verify their purity. 

[186] Example 3. Testing of Humanized Antibodies 

[187] 3.1. Growth of Cells for Binding Analysis 

[188] HL-60 cells were obtained from the American Type Culture Collection 

(ATCC# CCL-240). They were maintained in a 5% C0 2 atmosphere, 37°C water- 
jacketed incubator (Napco Scientific Co., Tualitan, Oregon). The cells were grown in 
RPMI media supplemented with L-glutamine (BioWhittaker, Walkersville, MD) 
containing 10% fetal bovine serum (Hyclone, Logan, Utah), plus 50 |ig/mL of 
gentamicin sulfate (Life Technologies, Grand Island, NY). 

[189] 3.2. Direct Binding Assay on HL-60 Cells 

[190] HL-60 cells were harvested from T75 flasks (NUNCLONTM, cat. no. 

153732), and centrifuged at about 300 x g for five minutes in an Omnifiige RT 
tabletop centrifuge (Haereus Separations, Germany), at 4°C. The cells were 
resuspended at a density of 3 x 10 6 cells per mL in FACS buffer, comprised of 2% 
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(v/v) goat serum (Sigma Chemical Co., St Louis, MO) in MEM Alpha Medium, 
supplemented with L-glutamine (Life Technologies, Grand Island, NY). Using a 
multichannel pipetor, 3 x 1 0 5 cells were added to wells of a Falcon 96-well round 
bottom plate (cat. no. 3077) and then placed on ice. Using a Falcon 96-well flexible 
assay plate (cat. no. 35391 1), eleven twofold serial dilutions of each test or control 
article were prepared in duplicate in FACS buffer, from a starting concentration of 2 x 
10" 8 M. Then, 100 (il of either test or control article was mixed with the cells. Control 
wells only received FACS buffer. The plate was incubated on ice for one hour, and 
then centrifuged for five minutes at 300 x g, in a refrigerated centrifuge. Reagents 
were removed from the plate wells by quick inversion over a waste beaker containing 
10% bleach. The cells were resuspended by gentle vortexing, washed once with cold 
FACS buffer, centrifuged, and then resuspended with gentle vortexing. FITC labeled 
goat- anti-human IgG (Jackson ImmunoResearch Laboratories, West Grove, PA, cat. 
no. 109-096-003) and FITC labeled goat-anti-mouse IgG (Jackson ImmunoResearch 
Laboratories, West Grove, PA, cat. no. 109-095-088) were diluted 1:100 in FACS 
buffer, and 100 |al was added to appropriate wells on the assay plate. The plate was 
then incubated for an additional hour on ice, protected from light. Unbound 
secondary antibody was washed from the wells in the same manner as described 
above. The cells were resuspended by gentle vortexing, and then fixed by adding 120 
(xl/well of 1% formaldehyde in phosphate-buffered saline (PBS, 10 mM potassium 
phosphate, 150 mM sodium chloride, pH 7.2). The assay plate was then analyzed on 
a FACScan flow cytometer interfaced with an automated 96-well sampling device 
(Becton Dickinson, Mountain View, CA). 
[191] 3.3. Preparation of Plasma Membranes 

[192] Plasma membranes were prepared according to the procedure described in 

Vater et al. (1995). Briefly, HL-60 cells were grown to a density of 1 x 10 6 cells/mL 

in RPMI supplemented with L-glutamine, containing 10% fetal bovine serum, and 50 

(ig/mL of gentamicin sulfate. When a total of 1 x 10 9 cells was obtained, cells were 

harvested, spun at about 300 x g in an Omnifuge RT centrifuge, washed with Hanks 

balanced salt solution (Life Technologies, cat. no. 14175-095), and combined into one 

50 mL conical centrifuge tube. The pellet was then frozen at -80°C for at least 24 

hours, to facilitate cell lysis and homogenization. To prepare plasma membranes, the 
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pellet was thawed quickly at 37°C, and then stored on ice; all subsequent steps were 

performed at 4°C. The HL-60 cell pellet was resuspended in 8 mL of 10 mM Tris- 

HC1 buffer, pH 7.0, containing 1 mM EDTA, 0.25 M sucrose, and 1 mM 

phenylmethylsulfonyl-fluoride (PMSF). The cell pellet was then transferred to a 15 

mL Dounce tissue grinder (Wheaton, Millville, NJ) for cellular disruption (20 strokes 

with a tight fitting borosilicate glass pestle). The homogenate was centrifuged in a 

Sorval RC-5B Refrigerated Superspeed Centrifuge, using an SS-34 rotor 

(Wilmington, DE) at 6000 rpm for ten minutes, and the supernatant carefully removed 

from the pellet. The pellet was washed an additional time with 8 mL of buffer and 

processed as described above. The combined supernatants were layered over a 1 mL 

37% sucrose cushion buffer in 10 mM Tris-HCl, 1 mM PMSF, 1 mM EDTA, pH 7.0, 

and processed further in a pre-chilled Beckman L8-M ultracentrifuge, with an SW55ti 

rotor (Beckman Instruments, Palo Alto, CA), at 33,000 rpm for 70 minutes. The 

opalescent membrane layer, sitting just above the sucrose cushion, was removed from 

each tube and diluted with four volumes of 10 mM Tris-HCl, 1 mM EDTA, 1 mM 

PMSF, pH 7.0. This solution was then centrifuged for an additional 30 minutes at 

18,000 rpm in the ultracentrifuge. The supernatant was carefully drawn off, and the 

resultant pellets were resuspended in 10 mM Tris-HCl, 1 mM EDTA, 1 mM PMSF, 

pH 7.0. The HL-60 membrane preparation was aliquoted into 1 .5 mL sterile screw 

cap Eppendorf tubes, frozen in liquid nitrogen, and then stored at -80°C for use. The 

total protein concentration of the final preparation was determined using the 

PierceTM BCA Assay (Pierce Chemical Company, Rockford, IL, cat. no. 23235). 

[193] 3.4. Direct Binding Assay on HL-60 Membranes 

[194] HL-60 membranes, prepared as described above, were dried at a starting 

concentration of 1 0 |ig/mL in deionized water onto the polystyrene surface of 

Immulon 2 96-well assay plates (Dynex Laboratories, Chantilly, VA), using a 

Labconco vacuum desiccator (Labconco, Corp, Kansas City, MO), overnight at 

ambient temperature. The ELISA plate was then blocked with a 1% fraction V bovine 

serum albumin (Sigma-Aldrich, Inc., St. Louis, MO, cat. no. A-3294), 0.05% Tween- 

20 (Sigma-Aldrich, Inc., St. Louis, MO, cat. no. P-2287) solution in Tris-buffered 

saline (50 mM Tris-HCl, 150 mM sodium chloride, pH 7.5, TBS), 300 |liL per well, at 

37°C for 1 hour. Following this blocking step, the plate was drained of blocking 
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buffer and blotted onto paper towels. Two, threefold serial dilutions of test or control 

reagents were prepared in blocking buffer, in quadruplicate, starting at 3. 13 x 10" 9 M 

titrated down to 5.29 x 10" 14 M on a flexible 96-well assay plate. The negative control 

wells contained blocking buffer alone. 50 \iL of each dilution was transferred to 

designated wells on the membrane-coated assay plate that was then incubated 

overnight at 4°C. The well contents were then aspirated into a waste flask containing 

10% (v/v) bleach, and the plate washed 3 x with TBS containing 0. 1% (v/v) Tween- 

20 (wash buffer) and blotted on paper towels. The amount of bound anti-My9-6 

antibody was detected with either goat anti-mouse IgG-HRP or donkey anti-human 

IgG-HRP diluted 1 : 1000 with blocking buffer in the appropriate wells. These 

secondary antibodies were incubated on the assay plate for one hour at room 

temperature, protected from light. The plate was washed and blotted as before. The 

plate was developed using TMB (BioFX Laboratories, Randallstown, MD, cat. no. 

TMBW-0 100-01), then quenched with Stop solution (BioFX Laboratories, 

Randallstown, MD, cat. no. STPR-0 100-01). The assay plate was read at A450nm 

using a Titertek® Multiskan Plus MK II plate reader (Huntsville, AL). 

[195] 3.5. Competition Binding Assay on HL-60 Membranes 

[196] HL-60 membranes, prepared as described above, were dried down from a 

starting concentration of 10 jag/mL in deionized water on the polystyrene surface of 

Immulon 2 96-well assay plates (Dynex Laboratories, Chantilly, VA), using a 

Labconco vacuum desiccator (Labconco, Corp, Kansas City, MO), overnight at room 

temperature. The ELISA plate was then blocked with a 1% fraction V bovine serum 

albumin (Sigma- Aldrich, Inc., St. Louis, MO, cat. no. A-3294), 0.05% Tween-20 

(Sigma-Aldrich, Inc., St. Louis, MO, cat. no. P-2287) solution in Tris-buffered saline 

(50 mM tris, 150 mM sodium chloride, pH 7.5, TBS), 300 ^1 per well, at 37°C for 1 

hour. Following this blocking step, the plate was drained of blocking buffer and 

blotted onto paper towels. Two twofold serial dilutions of test or control reagents 

were prepared in blocking buffer, in quadruplicate, starting at 1.25 x 10" 8 M titrated 

down to 2.44 x 10" 1 1 M (2x the final concentration needed) on a flexible 96-well assay 

plate. These unlabeled competing reagents were then mixed with an equal volume of 

2.5 x 10" 10 M biotinylated murine anti-My9-6 (ImmunoGen, Inc., Cambridge, MA); 

the positive control contained no competing reagent, whereas the negative control 
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contained blocking buffer alone. 50 \iL of these mixtures was transferred to 
designated wells on the membrane-coated assay plate that was then incubated 
overnight at 4°C. The well contents were then aspirated into a waste flask containing 
10% (v/v) bleach, and the plate washed 3 x with TBS containing 0.1% (v/v) Tween- 
20 (wash buffer). The plate was blotted onto paper towels, and the amount of bound 
biotinylated murine anti-My9-6 was detected with 1 00 jiL per well of streptavidin- 
alkaline phosphatase (Jackson ImmunoResearch Laboratories, West Grove, PA, cat. 
no. 016-050-084), diluted 1:5,000 in blocking buffer. Following a one hour 
incubation at room temperature and protected from light, the unbound secondary 
antibody reagent was washed from the wells, and the plate was developed using TMB 
(BioFX Laboratories, Randallstown, MD, cat. no. TMBW-0 100-01) quenched with 
Stop solution (BioFX Laboratories, Randallstown, MD, cat. no. STPR-0 100-01). The 
assay plate was read at A450nm using a Titertek® Multiskan Plus MK II plate reader 
(Hunts ville, AL). 

[197] 3.6* Cloning Murine My9-6 Antibody Variable Regions 

[198] The murine My9-6 antibody variable regions were cloned by the RT-PCR 

methods described above. Several individual light and heavy chain clones were 

sequenced to identify and avoid possible polymerase generated sequence errors. Only 

a single sequence was obtained for the light chain, but two separate sequences were 

pulled out of the heavy chain RT-PCR clones. 

[199] To confirm the actual sequences of the murine My9-6 light chain variable 

region, peptide sequences were analyzed by Edman degradation, Matrix Assisted 

Laser Desorption Ionisation (MALDI) and Tandem Mass Spectrometry (MS-MS). 

The 22 residues at the amino terminus of the My9-6 light chain were sequenced by 

Edman degradation and are given in Figure 6A. The initial cDNA sequence derived 

from degenerate RT-PCR clones matched all but four residues that were likely 

generated by the degenerate primers. The peptide sequence determined by Edman 

degradation was later confirmed by RT-PCR clones generated by degenerate primers 

in the 5' end signal peptide sequence. MS-MS analysis of tryptic digest fragments 

also confirmed the sequence of the light chain CDRs 1 and 2 (Figure 6B). Together, 

these peptide analyses confirm the predicted murine My9-6 light chain amino acid 

sequence derived from the RT-PCR generated cDNA clones. 
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[200] As is common with heavy chain sequences, the muMy9-6 heavy chain amino 

terminus was blocked by a pyroglutamine residue and therefore could not be 
sequenced by N-terminal Edman degradation. Instead internal sequence data was 
generated by tryptic digests and analysis by Matrix Assisted Laser Desorption 
Ionisation (MALDI) and Tandem Mass Spectrometry (MS-MS). A 1788 dalton 
fragment was identified with a predicted sequence identical to a portion of cDNA 
clone 2 (Figure 7). This sequence includes five residues from CDR3 for cDNA clone 
2, and therefore is an ideal peptide to make a positive identification for muMy9-6 
heavy chain. Multiple RACE PCR clones producing only the sequence originally 
obtained from the degenerate RT-PCR clone 2 also confirmed this peptide sequence. 

[201] The cumulative results from the various cDNA clones and the peptide 

sequence analysis provided the final murine My9-6 light and heavy chain sequences 
presented in Figure 8. Using Kabat and AbM definitions, the three light chain and 
heavy chain CDRs were identified (Figures 8 and 9). A search of the NCBI IgBlast 
database indicates that the muMy9-6 antibody light chain variable region most likely 
derives from the mouse IgV? 8-27 germline gene while the heavy chain variable 
region most likely derives from the IgVh VI 02 germline gene (Figure 10). 

[202] 3.7 Determination of the Variable Region Surface Residues of My9-6 

Antibody 

[203] The antibody resurfacing techniques described by Pedersen et al. (1994, J. 

Mol Biol 235:959-973) and Roguska et al. (1996, Protein Eng. 9:895-904) begin by 
predicting the surface residues of the murine antibody variable sequences. A surface 
residue is defined as an amino acid that has at least 30% of its total surface area 
accessible to a water molecule. In the absence of a solved structure to find the surface 
residues for muMy9-6, the ten antibodies with the most homologous sequences in the 
set of 127 antibody structure files were aligned (Figure 1 1A & B). The solvent 
accessibility for each Kabat position was averaged for these aligned sequences and the 
distribution of the relative accessibilities for each residue are presented in Figure 12. 

[204] Several surface positions had average accessibilities of between 25% and 

35%. These were looked at more closely by averaging only the antibodies with two 

identical residues flanking on either side (Figures 13A and B). The 25 predicted 

surface residues for the muMy9-6 heavy chain were unchanged after the additional 
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analysis, but Kabat positions 1 5 and 70 in the light chain required further 
consideration. The alanine at light chain position 1 5 had an average accessibility of 
34.4% in all ten structures, but only a single structure, lmcp, had identical flanking 
residues to those in muMy9-6. In this structure, AlalS had a relative accessibility of 
only 18.2%. Because in this single structure AlalS was dramatically less accessible 
than the average residue for position 15, the three structures with only a single 
difference in the flanking residues (lap2, lfrg, and lhil) were also averaged together. 
The average accessibility for these three structures was again 333%, making AlalS a 
predicted surface residue. Finally, resurfaced anti-B4, C242, and the resurfacing 
patent itself predict that light chain position 1 5 is a surface residue. Taken together, 
the conservative approach is to assume that muMy9-6 light chain position 1 5 is a 
surface residue. 

[205] The muMy9-6 light chain position 70 also required special considerations that 

ultimately resulted in a conservative prediction of it being a surface residue. The 
initial surface prediction work for the light chain was done with MC data from only 
the five most homologous light chain structures, and in this group Asp70 was a 
predicted surface residue. Later, with the additional five most homologous structures, 
position 70 was found to have an average accessibility of 29.1% as shown in Figure 
13 A. In addition, nine of the ten structures had the identical flanking residues and the 
average of this set was 29.2% accessible. Because this residue appeared to be so 
close to the 30% cut off and the resurfacing patent calls position 70 a surface position, 
the accessibility data was further scrutinized. Position 70 for the structure live has a 
relative accessibility of 22.5%, which is five percentage points less than the next 
lowest relative accessibility of 27.2%. Since live is the eighth most homologous 
structure and it was a low outlier, an average was taken for the eight structures with 
identical flanking residues besides live and this set had a 30.1% average accessibility. 
This, together with the fact that the initial muMy9-6 light chain analysis and the 
resurfacing patent call light chain position 70 a surface position, led to the 
conservative prediction that the muMy9-6 light chain Asp70 is a surface residue. 
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[206] 3.8. Molecular Modeling to Determine Which Residues Fall Within 5 A 

of aCBR 

[207] The molecular model, generated with the AbM software package, was 

analyzed to determine which muMy9-6 surface residues come within 5 A of a CDR. 
In order to resurface the antibody, all surface residues outside of a CDR must be 
changed to it's human counterpart, but residues that come within 5 A of a CDR may 
also contribute to antigen binding and specificity. Therefore these 5 A residues must 
be identified and considered throughout the humanization process. The CDR 
definitions used for resurfacing combines the AbM definition for heavy chain CDR2 
and Kabat definitions for the remaining five CDRs (Figure 9). The murine model was 
analyzed with the Swiss Viewer Software and Figure 14 shows the residues that are 
within 5 A of any CDR residue in either the light or heavy chain sequence. 
[208] 3.9. Selection of the Most Homologous Human Surface 

[209] Candidate human antibody surfaces for resurfacing muMy9-6 were pulled 

from the Kabat antibody sequence database using SR software. This software 
provides an interface to search only specified residue positions against the antibody 
database. To preserve the natural pairs, the surface residues of both the light and 
heavy chains were compared together. The most homologous human surfaces from 
the Kabat database were aligned in order of rank of sequence identity. The top five 
surfaces as aligned by the SR Kabat database software are given in Figure 15. The 
surfaces were then compared to identify which human surfaces would require the least 
changes within 5 A of a CDR. The anti-Hepatitis C Virus antibody, LC3bPB 
(Ivanovski M. et al., 1998, Blood 91(7):2433-42), requires the least number of surface 
residue changes (10 total) and only four of these residues come within 5 A of a CDR. 
The full length variable region sequence for muMy9-6 was also aligned against the 
Kabat human antibody database with SR and LC3bPB was identified as the 14th most 
similar human variable region sequence (data not shown). Since the LC3bPB 
antibody provides the most homologous surface and requires the least number of 5 A 
residue changes, it is the best candidate to resurface muMy9-6. 
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[210] 3.10. Construction of the My9-6 Genes for Humanized My9-6 

Antibodies 

[211] The ten surface residue changes for huMy9-6 were made using PCR 

mutagenesis techniques as described above. Since six of the surface residues for 
LC3bPB were more than 5 A from a CDR, these residues were changed from murine 
to human in all versions for humanized My9-6 (Figures 16A and B). The four surface 
residues that did fall within 5 A of a CDR, Kabat light chain positions 1, 3 and 45 and 
heavy chain position 64, were either changed to human or retained as murine to make 
up the 16 humanized versions of My9-6. Of these, the most human is version 1.0 
since it has all ten human surface residues. The most conservative version in terms of 
ensuring maximum binding affinity is version 1 . 1 which retains the four murine 
surface residues that are within 5 A of a CDR. Each of the humanized My9-6 
antibody genes were cloned into the antibody expression plasmid (Figure 5) for 
transient and stable transfections. 

[212] 3.11. Binding Data 

[213] The key strength of humanization by resurfacing is that by retaining the non- 

surface murine framework residues, humanized My9-6 should continue to bind CD33 
with unchanged affinity. However, the four surface residues that come within 5 A of 
a CDR may contribute to antigen binding and, therefore, changing these residues 
could have a negative effect on binding. To address this concern, the 1 6 versions of 
humanized My9-6 include all combinations of either the human or murine residues at 
each of the four 5 A residue positions. These range from the optimal or most human 
version, 1.0, with human residues at every non-CDR surface position, to the most 
conservative version, 1.1, which retains the murine residues in each of the four 5 A 
surface positions and, therefore, should retain wild-type binding. By comparing the 
binding affinity of the humanized My9-6 versions to murine My9-6, the most human 
version that retains wild-type binding can be selected as the resurfaced, humanized 
My9-6. 

[214] Direct and competitive binding experiments with the humanized versions of 

murine My9-6 and with muMy9-6 were done on the CD33 expressing human 

leukemic cell line, HL-60. The three most human versions (VI .0, VI .3, VI .6) as well 

as the most conservative version (VI. 1) were tested on either HL-60 membranes or 
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whole cells. Figure 17 gives the KD values for each condition and Figure 18 shows 
example binding curves for huMy9-6, Vl.O, versus muMy9-6. The KD values 
calculated for the humanized My9-6 versions including the most human, version 1.0, 
fall within the experimental error of the KD value of murine My9-6. The competitive 
binding results also demonstrate that huMy9-6 antibodies can compete equally well 
for CD33 binding as muMy9-6 itself. With these data demonstrating near wild type 
binding affinities for the fully humanized My9-6, Vl.O, on HL-60 membranes and 
whole cells, there was no need to test additional versions, since version 1.0 is the 
optimal humanized My9-6 antibody. 

[215] The murine My9-6 antibody has been fully humanized without loss of binding 

activity. None of the surface residue changes from mouse to human resulted in a loss 
of binding affinity, even though four of these surface residues were within 5 A of a 
CDR. Residues within 5 A of a CDR are thought to make potentially critical van der 
Waal contacts that may affect the structure of these CDRs. 

[216] The results of the My9-6 humanization suggest that as the numbers of 

resurfaced antibodies grow, a thorough residue position analysis based on actual 
binding data might become a more effective way of targeting questionable residues 
than simply looking to any residue within 5 A of a CDR. 

[217] Humanized My9-6 Vl.O (huMy9-6) is the fourth antibody that was humanized 

using the procedure described herein. Humanization by resurfacing of the variable 
region framework of a murine antibody was developed as an improvement upon 
standard humanization methods, including CDR grafting, which can require extensive 
development and reengineering to maintain binding activity. This is contrasted by the 
resurfaced huMy9-6 antibody, which involved changing only ten surface residues to 
create a fully active antibody with a completely human surface. 

[218] Example 4. My9-6-DMl Immunoconjugate 

[219] Preclinical efficacy studies with human tumor xenografts in mice using the 

My9-6 antibody conjugated to the maytansinoid drug DM1 were performed. 

[220] As discussed below, My9-6-DMl maintained the specificity and binding 

affinity of the unmodified antibody for CD33, and showed potent antigen-specific 

cytotoxicity toward CD33-positive tumor cells in vitro. Treatment of SCID mice 

bearing established subcutaneous HL-60 tumor xenografts with My9-6-DMl, resulted 
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in complete eradication of the tumors at doses (20 mg conjugated antibody/kg/day i.v. 
x 5 days) which showed no toxicity and were well below the maximum tolerated 
dose. In contrast, treatment with My9-6 antibody alone had no effect on HL-60 tumor 
growth compared to vehicle control. Similar curative efficacy was observed with 
My9-6-DMl upon treatment of mice bearing subcutaneous THP-1 xenografts. 
[221] 4.1. Reagents 

[222] The antibody was the murine monoclonal My9-6 antibody directed against 

human CD33 described above. 
[223] The antibody modifying agent was N-succinimidyl 4-(2- 

pyridyldithio)pentanoate (SPP): 



SPP 

[224] The cytotoxic drug was the maytansine analog, DM1, which is synthesized 

from a microbial fermentation product, Ansamitocin P3. DM1 is a potent inhibitor of 
tubulin polymerization. 



[225] 4.2. Preparation of My9-6-DMl 

[226] My9-6-DMl was prepared by modifying the My9-6 antibody with SPP to 

introduce 3-5 pyridyldithio groups per molecule of antibody. Disulfide exchange 
between the thiol substituent on the DM1 and the active disulfide functionality on the 
antibody provided the DM1 -containing antibody conjugate. 
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[227] 


(n may be any integer) 

4.3. Analysis of antibody and antibody conjugate binding by flow- 


cytometry 


[228] 


HL-60 cells were incubated with various concentrations of either My9-6 


antibody or My9-6-DMl . The cells were then washed and incubated with a 
secondary FITC-labeled anti-murine IgG antibody. Following an additional wash, 
cells were fixed with 2% formaldehyde and cell-associated fluorescence was 
quantified using a BD FACScan flow cytometer. My9-6-DMl maintains specific 
CD33 binding comparable to the unmodified antibody (Figure 19). 
[229] 4.4. In vitro cytotoxicity assay 

[230] The cytotoxicity of My9-6-DMl was measured using the CD33-expressing 

THP-1 cell and the CD33-negative cell line Namalwa. Cells were plated in 96-well 
plates in media containing the conjugate and incubated at 37°C until colonies had 
formed (2-3 weeks). Colonies were then scored, and the surviving fractions 
determined using Poisson distribution in the calculations. 

[231] 4.5. In vivo mouse tumor xenograft studies 

[232] Subcutaneous tumor model - HL-60 human promyelocyte leukemia cells (5 x 

10 6 cells in 0.1 mL) were subcutaneously inoculated into the right flank of female 
SCID mice. Mice were treated by intravenous injection into a lateral tail vein starting 
when tumors reached 100 mm 3 in size (400 mm 3 in large tumor model). Tumor size 
and mouse body weight were measured twice per week. Survival model - HL-60 


cells (5 x 10 cells in 0.1 mL) were intravenously injected into the lateral tail vein of 
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female SCID mice. Eleven days after tumor cell injection treatment was started. 
Mice were checked every day for moribund, tumor mass, or death. Body weight was 
measured twice per week. 
[233] 4.6. In vitro Specificity and Efficacy of My9-6-DMl 

[234] The cytotoxicity of My9-6-DMl toward CD33 expressing cells (THP-1) 

compared to a CD3 3 -negative cell line (Namalwa) was tested using a clono genie 
assay, where cell killing activity is determined by quantifying the number of colonies 
that can grow following treatment. My9-6-DM 1 exhibits potent cell killing activity 
toward CD33-positive human tumor cells in vitro (Figure 20). No significant toxicity 
toward CD3 3 -negative cells was observed, indicating that the CD3 3 -dependent 
cytotoxicity was due to specific targeting by the anti-CD33 antibody, My9-6. 
[235] 4.7. Efficacy of My9-6-OMl against human tumor xenografts in mice 

[236] The efficacy of My9-6-DMl in vivo was determined using SCID mice bearing 

human HL-60 tumor cell xenografts. HL-60 cells were injected subcutaneously and 
tumors were allowed to grow to an average size of 100 mm 3 . My9-6-DMl conjugate 
was delivered i.v. once a day for 5 days at the doses indicated in Figure 2 1 . Dosage is 
expressed as mg antibody in the conjugate, which corresponds to a DM1 dose of 
approximately 15 |^g DM1 per mg of antibody. Tumor volume was measured as an 
indication of treatment efficacy and mouse body weight was monitored to indicate 
toxicity due to treatment. My9-6-DMl induces long-term cures of mice bearing 
human HL-60 cell xenografts at doses that cause little toxicity (Figure 21). At the two 
highest doses tested (19 and 26 mg/kg), complete regression of the tumors was 
observed with a maximum body weight loss of less than 10% (Figures 21 A and B). 
Even at the lowest dose tested (13 mg/kg), 2 of 5 mice showed complete cures, while 
the other 3 mice showed tumor regression with tumor growth delayed by 
approximately 20 days. Similar results were also observed using the THP-1 leukemic 
cell line where My9-6-DMl induced long-term cures of mice bearing human THP-1 
tumor xenografts (data not shown). 
[237] These results are in sharp contrast to those obtained by treatment with My9-6 

antibody alone. Antibody alone has no effect on tumor cell growth even at 50 mg/kg 
(Figure 2 1C). 
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[238] The activity of My9-6-DMl was compared with the approved anti-CD33 

antibody-calicheamicin conjugate Gemtuzumab ozogamicin. Gemtuzumab 
ozogamicin was administered every 4 days for 3 doses. A preliminary experiment 
demonstrated that Gemtuzumab ozogamicin at the published MTD for nude mice (0.3 
mg/kg) was too toxic for SCID mice (data not shown). Significant toxicity was also 
observed at the 100 and 200 jig/kg dose in this experiment (Figure 2 IF). 
Gemtuzumab ozogamicin showed only modest tumor regression and growth delay in 
this model (about 25 days) at the maximum tolerated dose (100 |ig/kg) (Figure 2 IE). 

[239] In a separate experiment, the anti-tumor activity of the My9-6-DMl conjugate 

was compared to the activity of the unconjugated parent drug, maytansine. Mice 
bearing HL-60 tumor xenografts were treated daily for 5 days with conjugate at 23 mg 
antibody/kg or 350 \xg DMl/kg; unconjugated drug at 350 |Lig/kg; or unconjugated 
antibody at 23 mg/kg. Three of 6 mice treated with maytansine alone died two days , 
after treatment indicating that this level of drug is quite toxic. However, the drug 
showed a significant impact on tumor growth in the remaining 3 mice, with a delay in 
growth of approximately 10 days (Figure 22). 

[240] My9-6 antibody alone had no affect on tumor growth, while My9-6-DM 1 

conjugate caused complete regression of the tumors. The effect of conjugate 
treatment on mouse body weight (12% decrease) was slightly greater than in the 
previous experiment and may reflect batch to batch variation in conjugate synthesis. 
Regrowth of tumors in two of the six conjugate- treated mice was observed starting at 
day 70. These animals were subjected to a second treatment of My9-6-DMl identical 
to the first treatment. The second treatment resulted in the complete regression of the 
"relapsing" tumors with no adverse toxicity observed, suggesting that the regrowth of 
tumor was not due to the growth of conjugate-resistant cells. 

[241] The potent efficacy of My9-6-DMl in this xenograft model suggested that the 

conjugate may be effective even against large HL-60 tumors. Tumors were allowed 
to grow to a tumor volume of >400 mm 3 prior to the initiation of treatment. In 
addition, a comparison of the activity of My9-6-DMl with standard chemotherapeutic 
drugs was conducted. My9-6-DMl caused complete regression of large tumors in 
SCID mice (Figures 23A & B). Again, relapsed tumors (2 of 6 mice) were sensitive 
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to a second treatment of My9-6-DMl . Treatment with standard chemo therapeutic 
agents (Ara-C and idarubicin) had little effect on tumor growth. Higher drug doses 
were profoundly toxic to the mice (not shown). 
[242] 4,8. Efficacy of My9-6-DMl in HL-60 cell mouse survival model 

[243] While the efficacy of My9-6-DMl in the tumor xenograft model is striking, it 

is also of interest to look at the activity of the conjugate in a mouse survival model 
where HL-60 cells are injected directly into a mouse tail vein. In this model, control 
mice die between 30 and 50 days after cell injection. Mice treated with My9-6-DMl 
starting 1 1 days after cell injection showed a dramatic increase in survival, with 7 of 8 
mice alive at 70 days (Figure 24A). Maytansine alone also showed significant impact 
on mouse survival in this model, though 2 of 8 mice died shortly after the start of 
treatment indicating drug toxicity. The relative efficacy of maytansine in this model 
compared to the subcutaneous xenograft model suggests that HL-60 tumors may be 
more sensitive to the action of the drug in this setting. A further delay in the start of 
treatment may demonstrate a sharper differential between targeted and untargeted 
drug. However, even in this model, standard chemotherapy provided no significant 
survival enhancement (Figure 24B). The highest combination dose showed significant 
apparent drug toxicity. Both My9-6 antibody alone and Gemtuzumab ozogamicin 
showed a modest increase in survival. 
[244] Statement of Deposit 

[245] The hybridoma that makes murine My9-6 antibodies was deposited with the 

American Type Culture Collection, PO Box 1549, Manassas, VA 20108, on 
November 7, 2002, under the Terms of the Budapest Treaty and was assigned deposit 
number PTA-4786. 

[246] Certain patents and printed publications have been referred to in the present 

disclosure, the teachings of which are hereby each incorporated in their respective 
entireties by reference. 

[247] While the invention has been described in detail and with reference to specific 

embodiments thereof, it will be apparent to one of ordinary skill in the art that various 
changes and modifications can be made thereto without departing from the spirit and 
scope thereof. 
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